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FOREWORD

The demand for electric energy often creates conflicts with the desire to
preserve and protect the Nation's fish and wildlife resources. This is particu-
larly true when the nse of water for power plants is counsidered. Power plants
require large volumes of water from rivers, lakes, reservoirs, and estuaries. With-
drawal of water for cooling purposes causes the loss of fish eggs, larvae, and
juveniles through impingement or entrainment. The discharge of water causes
thermal and chemical pollution, and can cause alteration of stream flow patterns
and the disruption of the thermal and dissolved oxygen stratification in those
water bodies.

The biological consequences of water use by power plants depend upon the
species of organisms involved, the mechanical and physiological stresses on
the organisms, and the ecological role of the organisms. T assess the impaets
of power plants and other habitat modifications on fish populations, it is neces-
sary to identify fish eggs, larvae, and juveniles of different species. However, up
to now, descriptions of the developmental stages of fishes have been scattered
throughout a large number of sources.

The Development of Fishes of the Mid-Atlantic Bight is a reference which
compiles descriptions of the egg, larval, and juvenile stages of over 300 fish spe-
cies, and inclucfjes dichotomous keys useful for identifying species. Descriptions
of spawning migrations and life habits of adult fishes, their geographic range
and distribution, and movements of fish at al] life stages are also included.

With this kind of baseline taxonomic information, biologists will be able to
assess the management implications of power plant siting and other habitat
modifications on aquatic populations and provide information to decision mak-
ers. We believe these books are a major step in providing the type of infor-
mation necessary to incorporate environmental considerations into resource

development decisions,

Director, U.S. Fish and Wildlife Service



The Biological Services Program was established within the U.S. Fish and
Wildlife Service to supply scientific information and methodologies on key en-
vironmental issues which impact fish and wildlife resources and their supporting
ecosystems. The mission of the Program is as follows:

1. To strengthen the Fish and Wildlife Service in its role as a primary
source of information on national fish and wildlife resources, particularly
in respect to environmental impact assessment.

2. To gather, analyze, and present information that will aid decision mak-
ers in the identification and resclution of problems associated with
major land and water use changes.

3. To provide better ecological information and evaluation for Department
of the Interior development programs, such as those relating to energy
development.

Information developed by the Biological Services Program is intended for
use in the planning and decision making process to prevent or minimize the
impact of development on fish and wildlife. Biological Services research ac-
tivities and technical assistance services are based on an analysis of the issues,
the decision makers involved and their information needs, and an evaluation
of the state of the art to identify information gaps and determine priorities. This
Is a strategy to assure that the products produced and disseminated will be
timely and useful.

Biological Services projects have been initiated in the following areas:

* Coal extraction and conversion
* Power plants
* Geothermal, mineral, and oil shale development

* Water resource analysis, including stream alterations and western water
allocation

* Coastal ecosystems and Outer Continental Shelf development

* Systemns and inventoa?r, including National Wetlands Inventory, habitat
classification and analysis, and information transfer.

The Program consists of the Office of Biological Services in Washing-
ton, D.C., which is responsible for overall p]arming and management; National
Teams which provide the Program’s central scientific and technical expertise
and who arrange for contracting Biological Services studies with States, univer-
sities, consulting firms, and others; regional stalf who provide a link to problems
at the operating level; and staff at certain Fish and Wildlife Service research
facilities who conduct in-house research studies.
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GENERAL INTRODUCTION

As noted by Mansueti and Hardy (1967) in the first edition of Volume I of
this series, the early developmental stages of most fishes are either poorly known
or completely unknown. Despite the fundamental importance of this knowledge
to many aspects of fishery biology and ichthyology, this situation still persists,

OBJECTIVES

The primary purpose of this series is to synthesize the world literature
on fishes occurring in the Mid-Atlantic Bight of the United States. The suc-
cessful accomplishment of this goal serves a number of useful functions, among
which are greater ease in identifying voung fishes and fish eggs, the systematiza-
tion of information gaps, and the stimulation of studies in areas where such gaps
have been clearly demonstrated. Although some original data have been included
in this series, time constraints have kept this t¢ a minimum, primary efforts
having been directed toward a comprehensive review of existing literature.

FORMAY

The geographical area considered extends from the northern boundary of
New Jersey to the southem boundary of Virginia from tidal freshwater out to the
100 fathom contour (see fig. 1).

Data have been presented on 321 species. Mansueti and Hardy (1967) ar-
ranged the species in Volume I in the sequence used by the American Fisheries
Society (1960). Although disagreements exist with this arrangement as a phylo-
genetic sequence it is used here to order the species and families in this series
so that the revised Volume I will remain intact. In some cases recent systematic
revisions have demanded realignment at familial levels or the updating of generic
and ific names.

e series is presented in six volumes as follows: Volume I, Acipenseridae
through Ictaluridae, 50 species; Volume II, Anguillidae through Syngrathidae,
48 species; Volume III, Aphredoderidae through Rachycentridae, 52 species;
Volume IV, Carangidae through Ephippidae, 52 species; Volume V, Chaetodon-
tidae through Ophidiidae, 52 species; and Volume VI, Stromateidae through
Ogcocephalidae, 67 species.

Species accounts are arranged alphabetically within family groupings. Each
species account is divided into the following major divisions:

ApvLTs—meristics, morphometrics and general description.

DisTRIBUTION AND ECOLOGY—Tange, habitat and movements of adults, larvae,
and juveniles,

Spawnme—description of season, location, conditions of spawning, and
fecundity.

Ecas—description of ripe ovarian, unfertilized or fertilized eggs.

Ecc peEvErLoPMENT—developmental sequences, physical limiting factors and
incubation times.

YOLE-SAC LARVAE—size range, morphology, develogment and pigmentation.

LaArvAE-—size range, morphology, development and pigmentation.

PrejuveniLes (not recognized in all volumes)—size range, morphology,
development and pigmentation.

JUvENILES—Ssize range, morphology, development and pigmentation.

GrowTH (not given in all volumes)—average and/or representative growth
rates, especially preadult growth.

AGE AND SIZE AT MATURITY—average age and size at maturity plus variation
if these data are available.
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Fig. 1. Map of the Chesapeake Bay and adjacent Mid-Atlantic Bight, Hatching indicates the area considered
in this series.

LIrERATURE CrrEp—abbreviated citations to literature consulted for that
account. Complete citations in Bibliography.

Superscript numbers in each species account refer to the abbreviated cita-
tions given at the end of each account. Complete citations may be found in the
bibliography at the end of each volume. In prefaces, introductions, family ac-
counts and figure legends, citations are given by author and date, rather than
superscript. Throughout, parenthetical initials follow original unpublished in-
formation provided by the person whose initials are given (see preface for full
name and address). Each volume has its own bibliography and index. No cumu-
lative bibliography or index has been attempted.

lustrations are of mixed quality and utility. For the most part they are
simply reprinted from the literature, In some cases, however, previously pub-
Lished figures have been redrawn, and a number of original illustrations are in-




General Introduction

cluded. Figure legends cite the artist or declineator, Redrawings are usually of
figures which are unique in that they provide the only illustrations of particular
features or stages and will not reproduce well or are confusing or inaccurate in
detail. Attempts have been made to exclude drawings of misidentified specimens;
however, error in judgement is possible. Where available, multiple illustrations
of the same stage are included if they show geographic variation or if the authors
were unable to determirie which illustration provided the most accurate represen-
tation. In addition, a number of drawings which have been published in rare
or generally unavailable sources have been included primarily for their historic
value.

TERMINOLOGY

For the most part, terminolegy and methods of measuring and counting
are those of Hubbs and Lagler (1958); however, these terms are specifically for
adult forms and must be modified or replaced by different ones for early
developmental stages.

. For illustrations of typical developmenta! stages and larval anatomy see
. 2.
§ Definitions and terms for developmental stages vary considerably depending
on the investigator and the species worked on. The following terminology has
been standardized:

YoLk-sAc LARvaA—stage between hatching and absorption of yolk;

Larva—stage between absorption of yolk and acquisition of minimum adult
fin ray complement;

PrejuvENTLE—stage between acquisition of minimum adult fin ray comple-
ment and assumption of adult body form; used only where strikingly different
from juvenile (cf. Hubbs, 1958; Tholichthys stage of butterflyfishes, querimana
stage of mullets, etc.};

JuvENILE—stage between acquisition of minimum adult fin ray complement
and sexual maturity or between prejuvenile stage and adult;

ApuLT—sexually mature,

3
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Fig. 2. Disgrammatic representation of morphology and development of egg and larval stages of a typical
teleost.



GLOSSARY

A. Abbreviation for anal fin.

abbreviate heterocercal. Tail in which the vertebral
axis is prominently flexed upward, only partly in-
vading upper lobe of caudal fin; fin fairly symmetri-
cal externally.

adherent. Attached or joined together, at least at one

point.

adhesive egg. An egg which adheres on contact to sub-
strate material or other eggs; adhesiveness of entire
egg capsule may or may not persist after attachment.

adipose fin. A fleshy rayless median dorsal structure,
located behind the trite dorsal fin.

adnate. Congenitally united; conjoined.

adult. Sexually mature as indicated by production of
gametes.

anadromous. Fishes which ascend rivers from the sea to
spawn.

anal. Pertaining to the anus or vent.

anal fin. Unpaired median fin immediately behind anus
or vent.

anal fin origin. Anteriormost point at which the anal fin
attaches to the body.

anlage. Rudimentary form of an anatomical structure;
primordium.

anus. External orifice of the intestine; vent.

auditory vesicle. Sensory anlage from which the ear
develops; clearly visible during early development.

axillary process. Enlarged accessory scale attached to
the upper or anterior base of pectoral or pelvic fins.
BL. Abbreviation for body length.

barbel. Tactile process arising from the head of various
fishes.

blastocoel. Cavity of the blastula; segmentation cavity.
blastoderm. Sensu strictu, early embryonic tissue com-

posed of blastomeres; more generally, embryonic
tissue prior to formation of embryonic axis.

blastodisc. Embryo-forming area of egg prior to cleav-
age.

blastomeres. Individual cells formed during cleavage.

blastopore. Opening formed by and bordered by the
germ ring as it extends over the yolk.

blastuls. Stage in embryonic development which repre-
sents the product of cleavage stages, character-
ized by formation of the blastocoel.

body length. A specialized method of measuring, gen-
erlly applied only to billfishes, and defined by

Rivas (1956a) as the distance from the tip of the
mandible (with jaws closed) to the middle point on
the posterior margin of the middle caudal rays.

branched ray. Soft ray with two or more branches
distally,

branchial arches. Bony or cartilaginous structures, sup-
porting the gills, filaments and rakers.

branchiostegals. Struts of bone inserting on the hyoid
arch and supporting, in a fanwise fashion, the
branchiostegal membrane; branchiostegal rays.

buoyant egg. Ap egg which floats free within the water
column; pelagic.

C. Abbreviation for caudal fin.

caece. Finger-like outpouchings at boundary of stomach
and intestine.

catgdromous. Fishes which go to sea from rivers to
spawn.

caudal fin. Tail fin.

caudal peduncle. Area lying between posterior end of
anal fin base and base of caudal fin.

cheek. Lateral surface of head between eye and opercle,
usually excluding preopercle.

chorion. Outer covering of egp; egg capsule.

choroid fissure. Line of juncture of invaginating borders
of optic cup; apparent in young fish as a trough-like
area bhelow lens.

chromatophores. Pigment-bearing cells; frequently ca-

pable of expansions and contractions which change
their size, shape, and color.

cirrus. Generally small, dermal, flap-like or tentacle-like
process on the head or body.

cleavage stages. Initial stages in embryonic develoir
ment where divisions of blastomeres are clearly
marked; usually include st through Bth cleavages
(2-64 cells).

cleithrum. Prominent bone of pectoral girdle, clearly
visible in many fish larvae.

ctenoid scale. Scales with comb-like margin; bearing

cieni.
eycloid scale. Scales with evenly curved free border,
without cteni.

D). Abbreviation for dorsal fin,

demersal egg. An egg which remains on the bottom,
either free or attached to substrate.

dorsal fins. Median, longitudinal, vertical fins located
on the back,
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dorsal fin origin. Point where first dorsal ray or spine
attaches to body.

early embryo. Stage in embryonic development char-
acterized by formation of embryonic axis.

egg capsule. Outermost encapsulating structure of the
egg, consisting of one or more membranes; the
protective shell.

egg diameter. In nearly spherical eggs, greatest diam-
eter; in elliptical eggs given as two measurements,
the greatest diameter or major axis and the least
diameter or minor axis.

emarginate. Notched but not definitely forked, as in the
shallowly notched caudal fin of some fishes.

embryonic axis, Primitive differentiation of the embryo;
an elongate thickening of blastodermal tissue.

embryonic shield. Thickened shield-like area of the
blastoderm at caudal edge of the germ ring.

erythrophores. Red or orange chromatophores.
esophagus. Alimentary tract between pharynx and
stomach.

falcate. Deeply concave as a fin with middle rays much
shorter than anterior and posterior rays,

finfold. Median fold of integument which extends along
body of developing fishes and from which median
fins arise.

FL. Abbreviation for fork length.

fork length. Distance measured from the anteriormost
point of the head to the end of the central candal

rays.
ganoid scales. Diamond- or rhombic-shaped scales con-
sisting of bone covered with enamel.

gas bladder. Membranous, gas-filled organ located be-
tween the kidneys and alimentary canal in teleosts;
air bladder or swim bladder.

gestrula. Stage in embryonic development between
blastula and embryonic axis.

germ ring. The thickened rim of the blastoderm evident
during late blastula and gastrula stages.

germinal disc. The blastodisc,

gill arches. See branchial arches.

gill rakers, Variously-shaped bony projections on an-
terior edge of the gill arches.

granular yolk. Yolk consisting of discrete units of finely
to coarsely granular material.

guanophores. White chromatophores; characterized by
presence of iridescent crystals of guanine.

gular fold. Transverse membrane across throat.

gular flate Ventral bony plate between anterior third
of lower jaws, as in Amig caloa.

heterocercal. Tail in which the vertebral axis is fexed
upward and extends nearly to tip of upper lobe of
caudal fin; fin typically asymmetrical externally,
upper lobe much longer than lower.

HL. Abbreviation for head length. .

head length. Distance from anteriormost tip of head to
posteriormost part of opercular membrane, exclud-
ing spine; prior to development of operculum, mea-
sured to posterior end of auditory vesicle.

holoblastic. Type of cleavage in which the entire egg,
including the yolk, undergoes division.

homocercal. Tail in which the vertebral axis terminates
in a penultimate vertebra followed by a urostyle
(the fusion product of several vertebral elements);
fin perfectly symmetrical externally.

hypochord. A transitional rod of cells which develops
under the notochord in the trunk region of some
embryos.

hypurals. Expanded, fused, haemal spines of last few
vertebrae which support caudal fin.

incubation period. Time from fertilization of egg to
hatching,

interorbital. Space between eyes over top of head.

iridocytes. Crystals of guanine having reflective and
iridescent qualities.

ispcercol.  Tail in which vertebral axis terminates in
median line of fin, as in Gadiformes.

isthmus. The narrow area of flesh in the jugular region
hetween gill openings.

jugular. Pertaining to the throat.

juvenile. Young fish after attainment of minimum adult
fin ray counts and before sexual maturation,

keeled. With a ridge or ridges.

Kupffer's vesicle. A small, vesicular, ventro-caudal pock-
eting which forms as blastopore narrows,

larva. Young fish between time of ha.tching and attain-
ment of minimum adult fin ray counts.

late embryo. Stage prior to hatching in which the em-
bryc has developed external characteristics of its
hatching stage.

lateral line. Series of sensory pores and/or tubes extend-
ing backward from bead along sides.

lateral line scales. Pored or notched scales associated
with the lateral line.

mandible. Lower jaw, comprised of three bones: den-
tary, angular and articular.

maxiliary. The dorsalmost of the two bones in the upper
jaw. '

Meckels cartilage. Embryonic cartilaginous axis of the
lower jaw in bony fishes.



Black chromatophares.
Pertaining to the chin.

melanophares.
mental.

meroblastic. Type of cleavage in which only the blasto-
disc undergoes division.

micropyle. Opening in egg capsule through which
spermatozoa enter.

morula. Stage in development of egg in which blasto-
meres form a mulberry-like cluster.

Serial muscle bundles of the body.
tissue partitions

mijome Tes,

myoseptum. Connective
MyOmeres.

separating

nape. Area immediately posterior to occipital region.

nasal, Pertaining to region of the nostrils, or to the
specific bone in that region.

NL. Abbreviation of notochord length,

notochord. Longitudinal supporting axis of body which

is eventually replaced by the vertebral column in
teleostean fishes.

notochord length. Straight-line distance from anterior-
most part of head to posterior tip of notochord; used
prior to and during notochord flexion.

occipital region. Area on dorsal surface of head, begin-
ning above or immediately behind eyes and extend-
ing backwards to end of head,

oil globule(s). Discrete sphere(s} of fatty material with-
in the yolk.

olfactory buds. Incipient olfactory organs.

optic vesicles. Embryonic vesicular structures which
give rise to the eyes.

otoliths, Small, calcarecus, secreted bodies within the
inner ear.

P. Abbreviation for pectoral fin.

palatine teeth. Teeth on the paired palatine bones in
the roof of the mouth of some fishes.

pectoral bud. Swelling at site of future pectoral fin;
anlage of pectoral En.

pectoral fins. Paired fins behind head, articulating with
pectoral girdle,

pelagic. Floating free in water column; not necessarily
near the surface.

pelvic bud. Swelling at site of future pelvic {ventral)
fins; anlage of pelvic fin.

pelvic fins. Paired fins articulating with pelvic girdle;
ventral fins.

periblast. A layer of tissue between the yolk and cells

of blastoderm which is observed as a thin border
around blastula.

peritoneum. Membranous lining of abdominal cavity.

Glossary 7

perivitelling space. Fluid-filled
proper and egg capsule.

space between egg

pharyngeal teeth. Teeth on the pharyngeal bones of the
branchial skeleton.

postanal myomeres. The number of myomeres between
posterior margin of anus and the most posterior
myosepturms.

preanal length. Method of measuring often not stated,
assumed to be about equivalent to snout to vent
length in Jarvae.

preanal myomeres. The number of myomeres between
the anteriormost myoseptum and the posterior mar-
gin of anus.

predorsal scales. Scales along dorsal ridge from occiput
to origin of dorsal fin.

prejutenile. Developmental stage immediately follow-
ing acquisition of minimum fn ray complement of
adult and before assumption of adult-like body
form; used only where strikingly different from ju-
venile (cf. Hubbs, 1958; Tholichthys stage of butter-
flyfishes, querimana stage of mullets, etc.).

premaxillary, The ventralmost of the two bones in-
cluded in the upper jaw.

primordium. Rudimentary form of an anatomical struc-
ture; anlage.

principal caudal rays. Caudal rays inserting on hypural
elements; the number of principal rays is generally
defined as the number of branched rays plus two.

procurrent caudal rays. A series of much shorter rays
anterior to the principal caudal rays, dorsally and
ventrally, not typically included in the margin of
the caudal fin.

pronephric ducts. Duets of pronephric kidney of early
developmental stages.

scute. A modified, thickened scale, often spiny or keeled.

sigmoid heart. The S-shaped heart which develops from
the primitive heart tube.

SL. Abbreviation for standard length.

snout to vent length. Distance from anteriormost part
of head to posterior margin of anus; the precise
method of measurement often not stated.

soft rays. Bilaterally paired, usually segmented, fin sup-
ports.

somites. Primitive, segmented, mesodermal tissue along
each side of notochord.

spines. Unpaired, unsegmented, unbranched fin sup-
ports, usually (but not always) stiff and pungent.

standard length. In larvae, straight-line distance from
anteriormost part of head to end of hypural ele-
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ments; not applicable to larvae prior to notochord
flexion. (In juveniles and adults measured from most
anterior point of snout or upper lip.)

stomodewm. Primitive invaginarion of the ectoderm
which eventually gives rise to the mouth.

tail-bud stage. Stage of embryonic development char-
acterized by a prominent caudal bulge and marked
development of cephalic region.

tail-free stage. Stage of embryonic development char-
acterized by separation of the tail from the yolk.

TL. Abbreviation for total length.

total length. Straight-line distance from anteriormost
part of head to tip of tail; all older literature refer-
ences not stated differently are assumed to be total
length,

urostyle. Terminal vertebral element in higher teleosts,
derived from the fusion and loss of several of the
most posterior centra of the more primitive forms.

V. Abhreviation for the central or pelvic fin.

vent. Anus.

ventral fins, Paired fins articulating with the pelvic
girdle; pelvic fins,

vitelline vessels. Arteries and veins of yolk region.

water-hardening. Expansion and toughening of egg cap-
sule due to absorption of water into the perivitelline
space. :

width of perivitelline space. Distance between yolk and
egg capsule expressed either as direct measurement
or a ratio of the egg diameter.

xanthophores. Yellow chromatophores.

yolk. Food reserve of embryonic and early larval stages,
usually seen as a yellowish sphere diminishing in
size as development proceeds.

yolk diameter. Grealest diameter of yolk; more accu-
rately measurable prior to embryo formation.

yolk plug. Yolk within the blastopore.

yolk sac. A bag-like ventral extension of the primitive
gut containing the yolk.

yolk-sac larva. A larval fish characterized by the pres-
ence of a yolk-sac.



VOLUME VI DEDICATION

This volume is dedicated to Clark Hubbs who brought the science
to life for both of us; and to Jerry D. Hardy, Jr., whose courage and
persistence when too few people cared about fish larvae made this
whole thing happen.
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INTRODUCTION TO VOLUME Vi

This sixth volume contains accounts of 63 species of telostean fishes
{Stromateidae through Ogcocephalidae). The only species with confirmed records
from our study area which have been left out with our knowledge are two
Symphurus species mentioned in the cynoglossid family account. Other gaps
undoubtedly exist that may be filled in future editions,

We depart from the standard scries format in the following three features:

Flatfish larvae—rather than defining the end of the larval stage on the basis
of adult fin ray complements we consider the stage as terminating when eye
migration is complete,

Pleuronectid and soleid specimens are illustrated facing right to be consistent
with adult eye placement.

Molid body length measurements—because hypural elements are apparently
lacking, a measurement termed preclaval length is substituted for standard length
(preclaval length defined in the Molidae family introduction).

Original unpublished contributions are indicated in the text by the initials of
the contributor as follows:

FHB Frederick H. Berry, Southeast Fisheries Center, Miami, Florida.

JCB John C. Briggs, University of South Florida, Tampa, Florida.

JHC John H. Caruso, Lafayette College, Easton, Pennsylvania.

GED George E. Drewry, Chesapeake Biological Laboratory, Solomons,
Maryland.

RAF Ronald A. Fritzsche, Chesapeake Biological Laboratory, Solomons,
Maryland.

RLH Richard L. Haedrich, Woods Hole Oceanographic Institute, Woods
Hole, Massachusetts.

LAK Louis A. Krumholz, University of Louisville, Louisville, Kentucky.

EAL Ermest A. Lachner, U.S. National Museum, Washington, D.C.

AJL  Alice Jane Lippson, Martin Marietta Corporation, Baltimore, Maryland.

FDM F. Douglas Martin, Chesapeake Biclogical Laboratory, Solomons,
Maryland.

RHM Richard H. Moore, University of South Carolina, Coastal Carolina
College, Conway, South Carolina.

JEO John E. Olney, Virginia Institute of Marine Sciences, Gloucester Puint,
Virginia.

ABP Allyn B. Powell, Atlantic Estuarine Fisheries Center, Beaufort, North
Carolina.

TWP Theodore W. Pietsch, California State University, Long Beach,
Califomia.

TWR Timothy W. Robbins, Ichthyvological Associates, Drumore, Penn-
sylvania.

FJS Frank J. Schwartz, University of North Carolina, Institute of Marine
Sciences, Morchead City, North Carolina.

RLS Robert L. Shipp, Dauphin Island Sea Lab, Dauphin Island, Alabama.

NSS Nancy Schenk Smith, St. Petersburg, Florida.

WGS W. G. Smith, Northeast Fisheries Center, Highlands, New Jersey.

JCT James C. Tyler, Southeast Fisheries Center, Miami, Florida.

JWT John W. Tucker, Jr., University of North Carolina, Raleigh, North
Carolina.

WW William Watson, North Carolina State University, Chapel Hill, North

Carolina.
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We would like to thank the following persons for reviewing manuscripts:

Richard L. Haedrich, of Woods Hole Oceanographic Institute, for review-
ing the Stromateidae, Centrolophidae and Tetragonuridae; Edward D. Houde,
of the University of Miami, for reviewing the Sphyraenidae; Richard H. Moore,
of the University of South Carolina, for reviewing the Mugilidae; Timothy W,
Robbins, of Ichthyological Associates, for reviewing the Atherinidae; Robert C.
May, of the University of Hawail at Manoa, for reviewing the Polynemidae;
John W. Tucker, of the University of North Carolina, for reviewing the Bothidae
and Soleidae; Allyn B, Powell, of the Atlantic Estuarine Fisheries Center, for
reviewing Paralichthys dentatus; William Watson, of North Carolina State Uni-
versity, E;or reviewing the Soleidae; W. G. Smith, of the Northeast Fisheries
Center, for reviewing the Pleuronectidae; John E, Olney, of the Virginia Institute
of Marine Sciences, for reviewing the Cynoglossidae; Martin 1. Wiley, of the
Chesapeake Biological Laboratery, for reviewing the Echeneididae; Emest A.
Lachner, of the U.S. National Museum, for reviewing the Echeneididae; John C.
Briggs, of the University of South Florida, for reviewing the Gobiesocidae;
Frederick H. Berry, of the Southeast Fisheries Center, for reviewing the Balis-
tidae; James C. Tyler, of the Southeast Fisheries Center, for reviewing the
Ostraciidae and the Molidae; Robert L. Shipp, of the Dauphin Island Sea Lab,
for reviewing the Tetraodontidae; Ronald A. Fritzsche, of the Chesapeake Bio-
logical Laboratory, for reviewing the Diodontidae; William L. Dovel, of Boyce
Thompson lnstitute, for reviewing the Batrachoididae; John H. Caruso, of Lay-
fayette College, for reviewing the Lophiidae; and Theodore W. Pietsch, of
California State University, for reviewing the Antennariidae, Chaunacidae and
Ogcocephalidae.

We would also like to thank our colleagues on the project for their encourage-
ment, comment and criticism. Jerry D. Hardy, Jr., and Michael J. Reber provided
invaluable photographic counseling and assistance, and Joseph J. Mihursky,
james W. Patus, Clark Hubbs, Ernest A, Lachner, Bruce Collette, Daniel Cohen
and Frank McKenney gave general guidance or useful suggestions. Elizabeth
Ray Peters is responsible for most of the plate layout work and several original
drawings. Cynthia Simmonds typed most of the manuscript. Julia R. Clark,
Daniel M. Carver, Eunis Benson, Steven B. Drewry, Marjorie H. Blackwell,
August Selckmann, Jr., L. Diane Haft, Joan Ellis, Tamiko Karr, Donna Jean
Davis, R. T. Bishop, Alice J. Lippson and R. Lynn Moran donated valuable time
in lieu of, or in addition to, paid work on the project, which is greatly appre-
ciated. The debt to Jack Marquardt of the U.S. National Museum Library is
too great to ever be repaid. Leonard Bikowski and Hazel Dawson were very
helpful at the Library of the U.S. Department of Interior, and very special
thanks go also to Ronald Heyer of the U.S, National Museum.

In preparation of species accounts the family Batrachoididae was a joint effort;
Drewry tock primary responsibility for the families Mugilidae, Atherinidae,
Molidae, Lophiidae, Antennariidae, Chaunacidae and Ogcocephalidae; and
Martin took primary responsibility for the remaining families.
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FAMILY STROMATEIDAE

This family is chiefly tropical and warm temperate in distribution and is large-
ly restricted to continental shelves. Both species are in the genus Peprilus, as
currently defined. This genus is found only in the New Warld. Both species
are silvery, schooling fish most commonly encountered as aduits in shallow near-
shore waters. Juveniles are pelagic, accompanying jellvfish, Sargassum and
flotsam. The deep-bodied P. paru is found from Massachusetts to Uruguay and
throughout the West Indies. The less deep-bodied P. trigcanthus ocenrs along,
the Atlantic coast of North America from Newfoundland to Flerida, being re-
placed in the Gulf of Mexico by the closely related P. burti. Both species are

commercijally important, though the value of P. paru is considerably less than
that of P. trigcanthus.
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Peprilus paru (Linnaeus), Harvestfish

ADULTS

D. II-TV t (III ®#83002) 38 409; % A II-I1I, 35-45; * C. 19
principal rays, procurrent rays 848, P. 18-24;* V.
none, but pelvic bone visible through skin; * scales about
90; ** vertebrae 13-+17,* 15+ 15, total 29-31,' modal
number 30; ? gill rakers 4-1-13 or 14,% total 14-16; * teeth
minute, uniserial, compressed with 3 eusps; vomers, pal-
atines and basibranchials toothless; gill membranes united
across the isthmus.®

Proportions expressed as percent SL: 68-102 mm SL.:
body depth 64.3-70.1; head length 29.8-33.3; eye 10.3-
12.3. 193 mm SL: body depth 66.6; head 28.0; eye 5.1.°

Body deep, compressed, anterior profile moderately or
strongly convex,® mouth small, terminal or subinferior.®
Scales very small, thin, cycloid, very deciduous and ex-
tending onto all fins. Lateral line with simple tubed
scales, moderately high, following dorsal profile and ex-
tending onto peduncle but not onto caudal fin base.’®
Dorsal and anal fins moderately to extremely faleate.”
Adipose tissue around eye developed, extending forward
and surrounding the mnostrils.*

Pigmentation: Greenish silvery above, lower sides plain
silvery or with a tinge of yellow; dorsal and anal fins
dusky, slightly yellowish in some specimens; caudal and

pectoral fins slightly dusky or sometimes yellowish
Color in preservative brownish, often with a silvery ove
lay; back and sides sometimes with spots; gill cavity
inside of mouth and peritoneum light.®

Mazximum length: To 280 mm.*

DISTRIBUTION AND ECOLOGY

Range: Cape Elizabeth, Maine® to Uruguay includin
the West Indies and the Gulf of Mexico.® Infrequer
north of Chesapeake Bay.

Area distribution: Within Chesapeake Bay from Ar
napolis to Cape Charles and Cape Henry,® New Jersey; 7
Sinepuxent Bay."

Habitat and movements: Adults—pelagic,® most comma
in areas with wide continental shelf and with large e
panses of shallow water; ® over mud, sand or infre
quently over coral bottoms.” Inshore throughout th
year but most commonly encountered in summer; * witl
in Chesapeake Bay it migrates south for the winte
Reported from salinities of 4 ppt to full sea water '* an
in temperatures from 11.7 to 30.0 C.' In the Atlantic
occurs at depths of from 6 to 88 m and in the Gulf ¢
Mexico from 2 to 115 m,* most frequently encountere
at 11 m or less.™

Fig. 3. Peprilus peru, Harvestfish. Adult. (Hildebrond, S. F., and W. C. Schroeder, 1928: fig. 118.)
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Fig. 4. FPeprilus pary, Harvestfish. A. Larve, 1.8 mm TL. B. Larva, secondary anus in process of formation with
primary anus still present, 25 mm TL. C. Larva, caudal elements formiag, primary anus completely gone, 3.5
wmm TL. (A-C, Pearson, J. C., 1941: figs. 2, 8, 4))

Larvae—yolk-sac larvae essentially planktonic, nektonic
at about 10-15 mm SL;? frequently associated with
ie]}yﬁsh_e.rr

Juveniles—frequently associated with jellyfishes of the
genera Chrysaora,® Chiropsalmus, Cyanea, Aurelia® and
Physalia; **" world-wide distribution of juveniles seems
to be within the 20 C isotherm; * frequently encountered
In estuaries.*
SPAWNING

Location: Offshore, generally.?

Season: In spring,’* spring and early summer in lower
Chesapeake Bav,? June and July.”

EGGS

Pelagic, near surface; * size about 1 mm.»*

EGG DEVELOPMENT

No imformation.

YOLK-SAC LARVAE

No information.

LARVAE

1.8 mm TL to 7 mm.

Body becoming compressed at 3.5 mm TL; finfold entire
from 1.8 to 3.5 mm TL but fin rays developing at 3.5
mm TL; gut elongate, about half body length at 1.8 mm,
reduced in proportional length at 2.5 mm TL; two vents
at 2.5 mm, the developing anterior one becoming the
sole vent at 3.5 mm.*’

Pigmentation: At 1.8 mm TL scattered melanophores on
body; at 25 mm TL one series of melanophores on
median line of body side from pectoral fins to about haif
body length, another more regular series lies along the
lower side of body dorsal to gut; scattered anastomosed
chromatophores above the opercle and along posterior
side of abdominal cavity; melanophores appear to have
moved dorsaily somewhat at 3.5 rom TL.¥
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Fig, 5. Peprilus paru, Harvestfish. A. Larva, fin 13 elmost complete, 7 mm TL. B, Juvenile, chromatophores
becoming condensed, more numerous, 8 mm TL. C. Juvenile, adult body form, black pigmentation more devel-
oped than in adult, 62 mm TL. (A-C, Pearson, J. C., 1941: figs. 5, 6, 7)) :



JUVENILES

From 7 mm TL; body deeper at 7.0 mm TL, further
compressed at 9 mm TL, strongly compressed, deep and
oval at 62 mm TL; caudal fin forked at 62 mm TL.?"
Swim bladder regresses by 60-100 mm SL. *

Pigmentation: Chromatophores become scattered, en-
larged and anastomosed, confined to forward part of
body at 7.0 mm TL. At 9 nmn TL pigment darkens and
chromatophores smaller. At 82 mm TL thick peppering
of black dots on sides; tips of dorsal and anal fins heavily
pigmented.?

GROWTH

By August ® 25-28 mm, 31-36 mm by September,’” 100-
125 mm by second year.”

AGE AND SIZE AT MATURITY
No information.

O e Ul L 1o
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Peprilus triacanthus {Peck), Butterfish

ADULTS

D. II-1V, 40-48; A. I1-111, 37-44; " C. 19 rays; * P. 17~
92.1 V. pone; vertebrae 13-+19,* total 31-33,° 30-33,
17-20 caudal vertebrae, usually 18;' gill rakers about
one-half length of gill filaments, about 18 on lower limb
of first arch;® teeth minute, uniserial, laterally com-
pressed with 3 subequal cusps, vomers, palatines and
basibranchials toothless; > gill membranes united across
isthrnus.?

Proportions expressed as percent SL: Head length 25.1-
35.8; snout length 5.5-9.0; pectoral fin length 17.9-36.4;
maximum body depth 36.4-60.0; least depth of candal
peduncle 5.5-8.9.7

Body ovate, strongly compressed,**? covered with very
small, cveloid, thin, very deciduous scales extending onto
all fins. Lateral line with simple tubed scales, moder-
ately high, following the dorsal profile and extending
onto the peduncle but not to caudal base.” Dorsal and
anal fins slightly falcate.® Adipose tissue around the eye
developed, extending forward and surrounding the
nostrils.?

Pigmentation: Dorsum slaty-blue® or leaden-blue,™"®

sides paler, belly silvery.*®1* In preservative brownish,
often with a silvery overlay.® Dorsal and upper ventral
surfaces often mottled with dark spots; =2 gill cavity,
inside of mouth and peritoneum light in preservative.®

Maximum length: To 305 mm,’® usually 150-200 mm.’*
The largest Maryland specimen 254 mm.*

DISTRIBUTION AND ECOLOGY

Range: Off the Atlantic coast of North America from
about 48° N in the Gulf of St Lawrence to about
27° 30’ N off southern Florida. One stray reported from
the Gulf of Mexico, northeast of Tortugas Light.?

Area distribution: New Jersey; &' Delaware; 282 within
Chesapeake Bay from Annapolis southward to the
capes, > most common in lower Chesapeake; **"
Sinepuxent and Chincoteague Bays.’*¢

Habitat snd movements: Adults—northern populations
usually over sand in summer,® rarely taken within a few
hundred feet of shore.’* South of Cape Hatteras there
are two ecologically separated populations (species?); a
deep water form which is shallower bodied, with 18-19
caudal vertebrae and frequently with spots, living over
mud or silt down to 420 m and a shallow water form
which is deeper bodied, with 17 or 18 (rarely 18) caudal
vertebrae, with no spots, living over sand near shore®®*
Northern populations in summer move inshore to 25-35

m? or shallower,?* and in winter move offshore to
180 m **® to 210 m.? Within Chesapeake Bay movement
is northward in the spring, appearing in Virginia waters
in April, with none above the Rappahannock River be-
fore May; ' stray fish in lower Chesapeake as early as
March and they leave the bay by November; **** around
Long Island they are inshore from May to December; *
populations around Georgia move inshore in colder
months * while in Virginia waters they may be taken
in pound nets in every season except early spring.*’
Reported from salinities of 5.0 ppt** to seawater, tem-
peratures from 4.4 to 21.6 C, and from the surface to
250 m.?

Larvae—volk-sac larvae essentially planktonic becoming
nektonic at about 10-15 mm SL. After hatching they
move inshore to bays and other protected waters, which
serve as nursery grounds.®

Juveniles—frequently associated with jellyfish; ** lose
this association by about 30 mm SL;” remain inshore
during summer at Woods Hole; * around Long Island
they are common in the fall; #-# reported from salinities
of 6.4 ppt * to seawater.?

SPAWNING

Location: Usually stated as being offshore,®1%3* but
there is some circumstantial evidence indicating some
nearshore spawning activity in Narragansett Bay * and
in Long Island Sound.*

Season: Spawning occurs in June, July and August??
sometimes continuing inte September; *2 spawning peaks
are in July in Canada,® June and July in New England *
and around Long Island, and in late spring or early
summer in Chesapeake Bay.*?’

Temperature and salinity: Eggs are found at 12.8-22.5
C7 and in 78-100% seawater.”

EGGS

Location: Pelagic,»®™ probably deposited by a mass
extrusion of sexual products.?

Fertilized eggs: Size variously reported as .7-.8 mm,”*
.88-82 mm,” .89-.80 mm with a mean of .75 mm; ** 75
79 mm; 2171% yolk unpigmented; '7*¢?5 oil droplet single
in 70% of eggs, 2 or 3 in others; *7 oil droplet diamete”
where there is only one, .17-.20 mm ** or .17-21 mm,**"
where there are two or three droplets, diameters rang:
from .08 to .16 mm; '* average of one set of data was
18 mm with a range from .14 to 22.*3
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2.67 mm

Fig. 8. Peprilus triscanthus, Butterfish. A. Adult, 190 mm. B. EEE. diameter unstated, C. Newly hatched yolk-
sac larva, 1.70 mm. D. Yolk-sac larva, 2.24 mm., 24 hours after hatching. E. Late yolk-sac larva, 2.67 mm, 72
hours after hatching, yolk mass nearly gone, eye becoming i;-mented. {A, Jordan, D). 8., and B. W, Evermann,
1896-1500: ﬁﬁ 405, B, Perdmuttes, A, 193% fig. 3. C-E, Eofiom 1. B Jv. and K. A, Honey, 1963: fig. 1, de.
lineated by Elizabeth Ray Peters. Figure C reversed.)
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EGG DEVELOPMENT

At 13.3-18.3 C, average of 14.8 C:

24 hours—blastedermal cap completed.

48 hours—blastopore closed or closing, eye becom-
ing differentiated.

56 hours—tail formed and light scattered pigment
appeared on oil globule and on dorsum of embryo
from an area just posterior to eyes and extending
in two rows to end of tail

72 hours—about 50% of eggs hatched.*s

Somites differentiated before tailbud.®*

Incubation period: 2 days at 18.3 C,* 48-72 hours at an
unspecified temperature,® while only 50% were hatched
at 72 hours at an average temperature of 14.6 C.**

Fi%‘ 7. Peprilus triscanthus, Butterfish. A. Late yolk-sac larva, 2.51 mm, 144 hours after hatching, oil droplets
still visible, eye pigmented. B. Larva, 2.50 nun, 168 hours after hatching. C. Larva, 2.6 mm, head profile be-
coming more gently sloping, pectoral fin not shown, but probably present. (A-B, Colfon, J. B, Jr, and K, A.
Honey, 1963: fig. 1, delincated by Elizabeth Ray Paters. C, Perbmutter, A., 1939: fig. 2. D, Miller, D., 1958: 4.)

YOLK-SAC LARVAE

At hatching 2 mm,? or average 1.72 mm at hatching with
a range of 1.68 to 1.75 mm,'™* yolk absorption complete
at 2.48-2.64 mm (average 2.80 mm).*®

Eyes unpigmented prior to yolk sac absorption; finfold
arched at about 249 mm (48 hours post-hatching); ™
anus located a short distance from posterior margin of
yolk sac and a little behind midpoint of body on margiu
of finfold; '* gas bladder present.t

Pigmentation: Sparse at hatching, confined to dorsal and
dorsolateral surfaces of body in two rows of small
melanophores extending from head to tail. Within 45
hours of hatching a row of fine melanophores appears
along body at base of ventral finfold posterior to vent.



but it is mot until shortly before complete yolk sac
absorption that the characteristic ventral melanophores
are pronounced, At 24 hours post-hatching the melano-
phore patterns change little with the principal coloration
being from yellow-brown chromatophores confined to
anterior two-thirds of body. At 48 hours post-hatching,
yellow-brown pigmentation on the dersum just posterior
to vent and at vent becomes more distinct, while vellow-
brown pigment spots begin to appear on dorsal finfold.
At 72 hours, yellow-brown pigment spots on dorsal fin-
fold more distinct. At 98 hours, yellow-brown spots on
the dorsal finfold hegin to decrease in size. ™18
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LARVAE

Range from 2.6 mm '® to 16 mm.¥

A total of 30 myomeres easily discernable at 168 hours
post-hatching ** and two-thirds of the vertebral column
is ossified by 6-7 mm, even though the head is still
incompletely ossified. Body shape deep " or stout; ¥
mouth well-developed at 120 hours post-hatching (aver-
age length is 2.8 mm). Upper part of eye becomes pig-
mented at about 120 hours post-hatching; eye near%y
completely pigmented by 144 hours post-hatching.!®
Branchiostegals noticeable at 3.7 mm; ** dorsal and anal

Fig. 8. Peprilus triscanthes, Butterfish. A. Larva, 3.1 mm. B. Larva, 35 mm. C. Larva, 3.7 mm, anal m

forming. D. Larva, 6 mm, dorsal ra;
Hildebrand, S. F., and W. €. Schroe

forming. (&, €, Miller, D., 19568, B, Perbwsitesr, A, 188%: fig. 2. D,
. 1928; fig. 124.)
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fin rays becoming discernable at 5 mm; 3% ossification
begins at about 8-10 mm, and by 12-18 mm all rays
are visible;? caudal fin rays begin developing at 3.7
mm,* 3 mm?' or 7 mm;?* at 8-10 mm, the epural
elements unossified while hypural elements are more
completely ossified; at 12-18 mm, epural elements the
only unossified elements of the caudal skeleton and the
hypurals have moved into a more symmetrical position,
urostyle more slender and the fin beginning to fork; at
5 mm SL, hypural plate as ossified and fused as in
adult; * pectoral fins present at 6-7 mm. >

Pigmentation: At 120 hours post—hatchmg, predominant
color yellowish brown; ' a distinet ventral row of
melanophores,’™® and \eilowmh brown pigment spots
on dorsal finfold decreased in size and number, or dis-
appeared, At 144 hours post-hatching, yellow-brown
pigment either less prominent or has disappeared, eyes
blue; '* ynelanophores above the intestine and along
ventral aspect of tail increased in size and very dis-
tinct.'"** At 168 hours post-hatching, pigmentation
essentially unchanged." In addition to pigmentation
mentioned, there are two large, stellate menaphores
on top of head, large scattered melanophores on ventral
margin of gut and one or more melanophores along
posterior margin of opercle; ™ by 7 mm eve has taken
on a greenish brown metallic luster.®

JUVENILES

16 mom 3 to abont 120 mm.?

At 15 mm body shape beginning to take on general a
earance of adult body; * by 16 mm caudal fin shght?
orked; * gas bladder present in juveniles, regressing by

100 mm SL.%*

Pigmentation: At 18 mm whole body slightly tinted with
yellowish brown, head and anterior part of the body
being darkest with patches of carmine between eye
and brain; upper part of head, anterior part of lateral
line and flanks of the body well covered with large,

closely packed, dendritic chromatophores; large and
more distingt chromatophores cover sides of body be-
hind digestive cavity; a row of longitudinal pigment
bars extends along whole base of dorsal fin, while deli-
cate dendritic cells extend along base of the anal and
caudal fin rays.*

GROWTH

Growth rates reported vary from 76-127 mm in one
year ©“ to 102-133 mm by ‘October of the first year; "
modal sizes in June are 0—4 mm, July-August 04 mm
and 5-9 mm, September 15-19 mm and 35-39 mm and
October 70-74 mm; © early-spawned individuals are 76-
102 n le fall while late-spawned individuals are 51-76
mun in fall and 76-127 in the following spring; ** largest
first year growth rate reported is a modal size of 100 mm
or slightly less in October; * reported to reach 150 mm
at 2 years of age.*

AGE AND SIZE AT MATURITY

Probably 2 years »* and 120-180 mm SL,? 145 mm,*® or
178 mm.”
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Hyperoglyphe perciforma

ruffs and barrelfishes
Centrolophidae
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FAMILY CENTROLOPHIDAE

Most species in this family are pelagic offshore species. The barrelfish is
thought to be deep-living over the continental slope and in submarine canyons
as an adult (RLH), while the juveniles are epipelagic, closely associated with
Hotsam. Juveniles often drift quite close inshore so that in waters of this region
the adult will be seldom, if ever, encountered while the juvenile may be com-
mon on occasion. Juvenile barrelfish seem to be more abundant just north of
the area than within it.
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Hyperoglyphe perciforma (Mitchill), Barrelfish

ADULTS

D. VI®™-VIIL %7 19%-23'% first two spines almost
embedded in the skin of larger specimens; * A, I, 15-
17,2 P. 182" V. I, 5;* scales 89-95;! vertebrae
102+ 4+ 14-15; * gill rakers 5-7 + 14 15-17.2

Proportions expressed as percent SL: Head length 27.8-
30.0; snout 6.8-7.9; eye length 59-6.8; body depth
38.3-41.8.1°

Body stout, oblong and moderately compressed,” cov-
ered with moderate size, somewhat deciduous, cycloid
scales; bases of median fins covered with scales; lyaterai
line arched anteriorly, straightening out over the middle
of anal fin and extending on to peduncle; caudal pedun-
cle broad.* Origin of dorsal fin just behind level of gill
opening, termination at beginning of caudal peduncle,
spinous portion much lower than rayed portion; candal
fin slightly forked.®

Pigmentation: Specimens caught near the surface are
brownish black with iridescent green flecks over the
lateral-ventral body surface; specimens taken from 125-
214 m were brownish black dorsally, grading to a
brownish white ventrally, with one specimen having a
golden tint blended with the brown on the caudal
peduncle.’?

Maximum length: Deep water specimens to about 910
mm; * largest reported surface specimen 745 mm.**

DISTRIBUTION AND ECOLOGY

Range: Southwestern edge of Grand Bank and inshore
waters of Halifax, Nova Scotia to off Key West, Flor-

ida;* uvne specimen reported from Penzance Harbor,
Cornwall, Great Britain’

Area distribution: Upper and lower Chesapeake Bay,
Ocean City, Maryland,* Atlantic, Cape May, Monmouth
and Ocean counties, New Jersey ®

Habitat and movements: Adults—pelagic #3572 or
bathypelagic ** occasionally associated with flotsam;
found from near surface ’* to depths as great as 183 m*
or 244 m.*

Larvae—no information.

uveniles—occur under flotsam, but not usually under
jellyfish, in surface waters near the edge of the con-
tinenta) shelf.? Commen inshore around Massachusetts

during the summer.! '

SPAWNING
No information.

EGGS
No information.

EGG DEVELOPMENT
No information.

YOLK-SAC LARVAE
No information.

LARVAE
No information.

Fig. 10. Hyperoglyphe perciforma, Barrelfish. Adult, length unstated. (Leim, A. H., and W. B. Scott, 1066:

331. @ Fisheries Research

Bourd of Canads. Used with permission of authors and publisher.)
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. A 20 mm SL specimen from Puerto Rico, possibly of this
species, had a dark brown, almost black dorsum; sides
" and venter were grayish white with 3 bars of the same
colur as the back extending down on the sides for about
3/4 of the body depth, these bars triangular. narrowing
. to a blunt point ventrally (FDM), This specimen could
be a misidentified Centrolophus or Schedophilus (RLH).

GROWTH

Based on presumed aunuli at 14 vears a length of
271.0 mm and a weight of 521 g; at 2+ years a length
of 441.0 mm and a weight of 2555 g; at 4+ years a
length of 827.0 mm and a weight of 7407 g: and at 10+
years a length of 658.0 mm and a weight of 8327 g.'*

AGE AND SIZE AT MATURITY

Ne¢ information.

—
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b
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Tetragonurus atlanticus

squaretails
Tetragonuridae
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FAMILY TETRAGONURIDAE

This family is nearly cosmopolitan in warm seas and is primarily oceanic.
The species, Tetragonurus atlanticus, is nearly cosmopolitan and in continental
North American waters is more common off California than off the Atlantic
coast. The adults are thought to be meso- or bathypelagic while the juveniles
are epipelagic, forming assoeciations with coelenterates and salps. Though in-
frequently seen in collections, this species may well be abundant (Grey, 1953).
Larvae of this familv differ from most other stromatevid larvue in that the
pelvic fin is the last fin to initiate development rather than the first (Ahlstrom,
Butler and Sumida, 1976).

Within the genus Tetragonurus, T. atlanticus is most readily distinguished
from T. cuvieri by its vertebral number {4448 as opposed to 51-54}.
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A Adult ‘
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Fig. 11, Tetragonurus atlenticus, Bigeye squaretail, A. Adult, ca. 83 mm SL. B. Larva, 3.0 mm NL, eastern
Pacific. Note the dorsal, caudal, and ventral pigment lines. C. Larva, 48 mm NL, eastern Pacific. Note pre-
orbital pigment band. D. Larva, 4.8 mm 5L, western Pacific. Early flesion larva, note lack of preorbital pigment
and weakness of development of dorsal, caudal, and ventral pigment lines. E. Larva, 5.3 mm SL, Atlantic. Early
flexion occurring. F. Larva, 6.5 mm SL, Indias Ocean. Flexion occurring. G, Larva, 7.6 mm, eastern Pacific.
Flexion occurring. Pigment lines still well developed. (A, Jordan, D. S., and B. W, Evermann, 1896-1900: fig
411. B-C, G, Ahlstrom, E. H., J. L. Butler, and B. Y. Sumida, 1976: figs. 114, 11C. D-F, Grey, M., I955: figs.

8A, 8B, BC)
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Tetragonurus atlanticus Lowe, Bigeye squaretail

ADULTS

D. XIV to XVIL,* 913" or XV to XXI-I, 11-13;° A.
11, 9-11 * or 10-12; %5 P. 17, * V. I, 5, inner ray adnate
to abdomen; C. 9-10+9+8+9-10; " or 11 + 85+ 7+ 10"
scales 83-95* or 118-120; * branchiostegals 6; vertebrae
43517 or 23-24 + 20-22=44-46; * teeth in a single row,

7—40
long, narrow and compressed, %—,' teeth developed
5060

on the blade of the vomer, palatine teeth in a single row
per side®

Proportions expressed as percent SL: Head length 26-42
{(decreasing with age); orbit 8-14 (decreasing with age});

Fig, 12, Tetragonurus atlanticus, Bigeye squarctail. A. Larva, 8.5 mm SL, Atlantic. Note relative lack of m_e]ano-
phores. B. Larva, 8.5 mm SL, eastern Pacific. Note larger number of melanophores on sides than equivalent
sizad Atlantic specimens, also, more preopercular spines and more highly developed pelvic and pectoral fins, C.
Larva, 11,5 mm SL, Atantic. D. Juvenile, 14.4 mm SL, Indian Ocean. (A, C-D, Grey, M., 1955: figs. 8D, 8E,
8F. B, Ahistrom, E. H., ]. L. Builer, and B. Y. Sumida, 1576: fig. 11D.)
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body depth 13-36 (decreasing with age); pelvic fin 7-22
{decreasing with age); length of longest dorsal spine 4-13
{decreasing with age).!

Body elongate, slender. Scales keeled, close-set, adher-
ent; scales reduced in size anteriorly in head region.
Lateral line may be slightly curved anteriorly descendin

gradually to middle of body, ending at origin of cauda%
keel 2

Pigmentation: Color in preservative uniformly brown,
ranging from tan to almost black with fins same color as
body; inside of mouth and peritoneum dark.’

Maximum length: 2686 mm.?

DISTRIBUTION AND ECOLOGY

Range: Atlantic, Caribbean, Indian and Pacific oceans.
In the western Atlantic reported from off Nova Scotia
and Massachusetts to the Caribbean.! Taken inshore
once from around Woods Hole +*% and from Vineyard
Sound,* possibly T. cuvieri (RLH).

Area distribution: Not definitely known from this area
but Grey’s maps and distributional data indicate that it
probably occurs here along the edge of the continental
shelf.?

Habitat and movements: Adults—probably bathype-
lagic * moving shoreward for spawning; ** occasionally
associated with salps and flotsam.*

Larvae—taken in open ocean from 10-1000 m with most

specimens being taken between 50 and 150 m and at
temperatures between 19.0 and 268.4 C.

Juveniles—occasionally associated with flotsam * or salps
and jellyfish at the surface.**

SPAWNING

Location: At the surface ® and near land.?

Season: Spawning season uncertain but small specimens
are only taken between August and October in the east
Atlantic and open ocean of the north central and north-
western Atlantic. In the Sargasso Sea, Caribbean and off
South Africa larvae have only been taken from January
to April?

EGGS

Pelagic, separate; spherical, diameter 1.10 mm; chorion
unsculptured, golden in color with a touch of pink; yolk
unsegmented; perivitelline space moderate; single oil
droplet, 0.24 mm in diameter.?

EGG DEVELOPMENT

Embryo with characteristic heavy pigment extending
from just behind head to tip of notochord situated above
digestive tract anterior to anus and along ventral midline
of tail posterior to anus; dorsal pigment consists of a
short, posterior streak ending before terminal myomere;
a patch on smout.’

Fig. 13. Tetragonurus atlanticus, Bigeye squaretail, A. Juvenile, 17.2 mm SL, eastern Pacific. B. Juvenile, 20 mm
SL, esstern Pacific. (A, Ahlsirom, E. H., I. L. Butler, and B. Y. Sumida, 1976: fig. 11E. B, Grey, M., 1855: fig.

BA.)
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29.1 mm SL

43.6 mm SL

Fig. 14. Tetragonurus atlanticus, Bigeye squaretail. A. Juvenile, 23 mm S$L, eastern Pacific. B, Juvenile, 29.}
mm SL, Indian Ocean. C. Juvenile, 43.8 mm SL, Atlantic. {(A-C, Grey, M., 1955: figs. 9B, 9C, 9D.)

YOLK-SAC LARVAE

3.0-3.3 mm at hatching, yolk sac absorbed by 4.4 mm (3
lays post-hatching).®

Pigmentation: A continuous line of ventral pigment on
L?lther side of body extending from head to tip of noto-
i:_ho_rd; forward of anus this line over gut; dorsal pigment
‘mited to 4 single median line on last 8-12 myomeres
"stending to tip of notochord; pigment around develop-
"& mouth and scattered below yolk sac and gut.?

~ARVAE

Reported from 3.0 mm NL to 17.2 mm SL.

;1)’01'0‘-‘1'88_ 44-46, vertebrae 23-24 - 20-22.° Dorsal fin at
_;_I(I)nm with no spines or rays formed, spines forming by
mm; anal fin at 5.3 mm with rays not formed, by

10-11 basal elements forming; pelvic fins absent at 5.3

m, appear at about 6 mm and rays forming at 8.5 mm;
no scales at 5.3 mm; about 45 myomeres; 1 premaxillary
tooth present at 5.3 mm, 3 minute teeth on each side of
upper jaw at 8.3 mm; finfold uniform, high on peduncle,
reaching dorsal and anal fins, extending forward to about
even with pectoral fins at 5.3 mm, at 8.5 mm about same
except ending short of anal fin; urostyle straight at 5.3
mm,’ flexion oecurring at 7.6 mm NL.*

Head length 14% NL at 3.3 mm NL, 26% NL at 4.2 mm
NL, 27-30% NL during flexion and 30-35% SL after
flexion; eye diameter 28-34% HL; snout length 24-29%
HL between 4.2 mm NL and 17.2 mm SL; snout-vent
length 83-71% SL, X 67% SL; body depth 13-20% NL pre-
flexion; 20% NL during flexion; 24-28% SL after flexion.”

By 8.0 mm SL 31 vertebrae ossified and all vertebrae
ossified by 10.5 mm SL; all branchiostegal rays ossified
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by 7.2 mm NL; gill rakers appear on lower arch at 8.0
mm SL; 3 small spines on outer margin of preopercle at
7.2 mm NL; increasing to 8 by 17.2 mm SL; premaxillary
and dentary teeth first appear at 7.2 mm NL with den-
tary teeth being longer, broader and more blade-like
than those on premaxillary; scales evident at 17.2 mm
SL.e

Pigmentation: Preflexion larvae with a sparse sprinkling
of small brown spots on top of head, snout and cheeks,**
may have line gom snout to anterior margin of eye,’
spots present also on abdomen (heaviest concentration
on anterior upper part of alimentary tract}, ventral edge
of tail, and faintly, on dorsal surface of tail; end of
caudal peduncle behind base of urostyle entirely color-
less; ' midline of body conspicuously colorless and
transparent.’

Postflexion larvae with a sparse scattering of chromato-
phores on head; abdomen fairly well pigmented with a
sprinkling of larger spots; vent colorless; sides with spots
from a vertical between the vent and origin of the soft
dorsal to about middle of caudal peduncle, the latter of
which has no lateral pigment; spots continue along dorsal
and ventral edges of peduncle nearly to caudal fin; * end
of peduncle and caudal fin essentially colorless; * one
spot of pigment on each anal ray; other fins colorless.

JUVENILES

All fin ray complements complete at sizes above 10 mm.

D. XV to XVI, 10-12 for 12 mm juveniles; A. I, 10-11 for
12 and 20 mm juveniles; pelvic fins well developed at 12
mm, pectoral fins with 18 rays at 20 mm; scales appear
first on opercle at 146 mm, about 6 rows on caudal

uncle and several short rows on side, scalation com-
plete by 26.5 mm; myomeres 44 at 12 mm; gill rakers
9+4 at 20 mm; at 20 mm small flaps of finfold remain

just in front of vent and above and below on caudal
peduncle at base of caudal fin; scale ridges represented
only by single spines at 20 mm; * gas bladder present in
early juveniles but resorbed by 30 mm.’

Pigmentation: Generally dark colored, a complete lack of
pigment beyond base of urostyle.

12 mm: Abdomen darker than rest of body, a few linear
marks on the midline of tail, bases of anal rays brownish,

20 mm: Generally dark, head and end of peduncle
lighter; dark pigment spots end abruptly on tail, the
latter one-third having no pigment at all; several spots
on each dorsal spine; basal one-third of dorsal and anal
fin rays heavily spotted; caudal fin entirely colorless.!

GROWTH

No information.

AGE AND SIiZE AT MATURITY

No information.
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Sphyraena barracuda
Sphyraena borealis
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FAMILY SPHYRAENIDAE

This family is represented by about 20 species, all in the genus Sphyraena,
found in warm seas world-wide. Though frequently found near shore, these fish
are often pelagic and found far from land. All are highly piscivorous, using their
great speed to cut out prey from schools or to take prey with a short rush from a
lurking point.

In the western Atlantic, the barracudas are represented by four nominal
species. One of these, 8. borealis, is common in the fauna of the Mid-Atlantic
Bight, while two others, S. barracuda and S. guachancho, occur as summer or fall
strays. The one western Atlantic species not ocewrring in our region, S. picudilla,
is separable from S. borealis only on the basis of a few morphometric characters,
with these forms intergrading somewhat but still possibly separate in southern
Florida (Houde, 1972). There is the possibility that there are, jn fact, onlv three
western Atlantic species and all three occur within this range. If this is the
case, S. borealis is the clder name and would be retained.
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Sphyraena barracuda (Walbaum), Great barracuda

ADULTS

D. v-1, 7#-10 {usually § or 91-28a2825) A 1282030
Ifwrez02s 71.gy 1t G 847 unbranched rays;* P. 11-
12; +24 V. 1, B; * scales 75-83,%1%#" (rarely, over 90}, 8-10
rows between lateral line and base of the soft dorsal; **
vertebrae total 24,727 124 12; % gill rakers ubsoles-
cent; ' teeth canine, 6-9 pairs of palatine canines.®

Body proportions expressed as percent SL: Body depth,
12.1°-13.8; " head 27.8-40.5° {decreasing with size'};
eve 3.3-6.7 (decreasing with size): snout 14.3-17.5 (de-
creasing with size); depth of caudal peduncle 66-7.7

Body fusiform,”* elongate, cylindrical,”* or slightly com-
pressed; head cuboidal behind eyes, snout conic; mouth
very large, lower jaw slightly projecting; '* gape to pos-
terior margin of eve.’ Secales large, cycloid*® Lateral
line well developed, straight.** Origin of first dorsal fin
behind origin of pelvic fins,® pelvic fins abdominal,*"
caudal fin with three semilunar notches giving the
impression of four lobes in fin.,"?

Pigmentation: Body coloration variable, capable of light-
ening or darkening in relationship to background, on
dark moonless nights, belly may become darker than
dorsum; * back may be bharred, in which case there are
18-22 crass bars which are inclined obliquely backwards;
each bar may appear solid or each may be broken into
two, nearly separate, ovoid blotches: * otherwise the hack
may be sea %reen,” dark green or gray ** or blue-black?®
with sides silvery “"'*2% and belly white,»**"** or entire
body may be silvery; " well defined, irregular inky
blotches may be present, these generally confined to
sides helow the lateral line and above the transition to a
white belly; *+77% upper part of head and opercle us-
ually dark, dusky or black; »* median fins dark to
black ** with the soft dorsal, anal and caudal fins, mar-
gined in paler colors or white,">* these margins becom-
ing more distinct with age;’ pectoral fins dusky with
pale ventral margins*? and pelvic fins white; ? black
axillary patch present.®

Maximum length: Said to reach a length of about 3050
mm ¥ but other recent estimates of its maximum length
are more conservative at 1500 mm,” 1676 mm,"** 1830
mm,*'® or 2000 mm.** Maximum known weight is a
little more than 45.4 kg **** though one weighing 23 kg
would be considered large.”

DISTRIBUTION AND ECOLOGY

Range: Red Sca, Indian and Pacific oceans and tropical
Atlantic; in the western Atlantic from Bermuda, the
West Indies, South Carolina to Brazil occasionally stray-

ing north to Massachusetts; #'"-'1 absent from the eastern
Pacific *** and distribution seems to be limited in part
by the 20 C isotherm.!

Area distribution: New Jerscy,*#*2! Maryland *-'*** and
near the mouth of Chesapeake Bay.'

Habitat and movements: Adults—reefs, shallow flats and
mangrove habitats but often pelagic over deep water.™
North of Miami, Florida most often offshore and
pelagic; ' considerable movement of individuals as in-
dicated by recapture of tagged individuals;*® seem to
move northward in the spring and southward in the fall,
the spring movement coordinated with a general offshore
movement; typically marine, occurring in salinities from
24.0 to 36.6 ppt ' but recorded as low as 4.5 ppt; ** one
specimen from Puerto Rico was taken at 46 ppt ** and in
these same waters, this species is known to enter brackish
water; " normally 23.3 C is the coldest temperature
tolerated ! but have been taken down to 18 C; ** in north-
ern Florida barracuda tend to avoid water above 28.3 C
while in southern Florida they tolerate higher tempera-
tures; reported to become sluggish at 30.0 C* but have
been taken at 38 C; ?* known to occur at depths down to
61 m.*

Larvae—reported from surface to 800 m over waten
410-5250 m deep; 23.6-27.05 C; 34.95-36.08 ppt surface
salinity.’

Juveniles—occur in a variety of habitats: tidepools;’
open sandy beaches; ¢ associated with detritus, fioating
sargassum weed, Thalassia or algal floats; among turtle
grass and algae; ' mangrove lined grassy habitats® of
even near the upper tidal limit of mangrove swamps;’
unlike the adult, there is little movement; * usually en-
countered in marine salinity waters, but may enter low
salinity waters to 16.7 ppt; * in the St. Johns River, down
to 145 ppt; * sometimes avoids 341 C while at other
times tolerating 34.4 to 35 C2

SPAWNING

Location: Probably occurs over deep water mear the
juncture between oceanic and coastal circulation so that
eg%f and larvae may be subsequently entrained in hot?
inshore and offshore waters.!

Season: Spawning near Miami seems to occur betwee!
April and October with a peak in July and with possible
secondary peaks in May and September; small juvenil®
occur in Haiti about one month before they do in Flor
ida; FEast African populations seem to spawn {7
September to May; »* very small juveniles (24 mm) baV*
been taken in North Carolina in September.®
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Temperatures: Spawning scems to occur when water LARVAE
reaches 22.8-23.3 C and stops when water temperatures

drop from ahout 28.8 to 25 C.! 5.5-8.6 mm SL.

Fecundity: A female 895 mm FL had 560,000 eggs while  Dorsal fin with 3 rays visible at 5.5 mm SL, spinous dor-

one about 1011 mm ¥L had about 870,000. sal fin still unformed; at 6.6 mm SL all rays present in
soft dorsal fin but spinous dorsal fin still unformed; at

EGGS 5.5 mm SL anal fin present only as a transparent mem-

brane while at 8.6 mm SL all rays are formed; at 5.5 mm
SL caudal fin heterocercal with the lower lobe longer
while at 8.6 mm SL it is nearly symmetrical; pectoral fin
YOLK-SAC LARVAE pediculate and membranous at 55 mm SL and still
No information. pediculate at 8.6 mm SL; pelvic fins absent at 6.6 mm

Unfertilized ripe eggs range from 0.74 to 0.81 mm.’

a
B

c

D - 8.6 mm SL
E 11.9 mm SL

Fig. 15, Sphyraena barracuda, Great barracuda, A. Adult, 790 mm SL. B. Larva, fin rays forming, notochord
flexing, 5.5 mm SL. C, Larva, jaws elongating, dorsal Snfold present only as trace, 6.6 mm SL. D. Larva, postoc-
ular portion of future lateral band formed, pelvic bud not yet formed, 8.8 mm SL. E. Juvenile, spinous dorsal
formed, pelvic fin formed, lateral pigment band formed, 11.0 mm SL. (A-E, de Sylve, D. P., 1963: figs. 7D, 6.)
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SL. Total myomeres 24, 14 preanal and 10 postanal;
branchiostegals well developed at 5.5 mm SL.2

At 5.5 mm SL eye is 24% HL, snout 12.2% SL, head 36.6%
SL, body depth 15.4% §L; at 6.6 mm S the eye is 19.3%
HL and snout 18.1% SL.

Snout profile curved at 5.5 mm SL but nearly straight at
6.6 mm S1; maxillaries well developed at 6.6 mm; teeth
well developed at 5.5 mm SL; flexion of the notochord
nearly complete at 6.6 mm SL.*

Pigmentation: At 5.5 mm SL scattered melanophores on
preorbital region and on tip of lower jaw as well as
scattered dots on the nape which extend down to upper
margin of the opercular series; scattered pigmentation is
seen along dorsal surface and as a series of concentrated
melanophores along anal fin base.

At 6.8 mm SL preorbital pigmentation is more distinct;
body pigmentation increased but still concentrated along
middorsal and midventraf lines and a band of melano-
phores occurs as a broken line along posterior part of
trunk along the lateral line.!

At 86 mm SL preorbital pigmentation assumes a defi-
nitely triangular shape and a dusky, obscure patch ap-
pears along the hyomandibular-opercular area; trunk
pigmentation concentrated posteriorly along the lateral
line and at the middorsal and midventral sections.

JUVENILES

Larger than 11.8 mm SL.

Gape extends to anterior margin of cye; front teeth be-
come canines by 23.7 mm SL; caudal fin becomes bifur-
cated by 11.9 mm SL; scales first appear on caudal
peduncle at 25 mm; keeled scales first noted on caudal
peduncle of juveniles of 50-70 mm SL; at 28-30.1 mm

FL no scales present helow the spinous dorsal; at 30.2-
31.0 mm FL scales might or might not be present there;
at 31.8-380 mm FL scales are always developed below
the spinous dorsal.!

Pigmentation: At 11.9 mm SL darker pigmentation on
snout, an incipient band of pigment along head from
snout to preopercles and small, indistinct blotches formed
on lower sides of the body.

At 17.2 mm SL melanophores more diffuse along the
cephalic region, coalescing along snout to become con-
fluent with lateral pigmentation of trunk, suggesting a
diffuse, longitudinal band.'

At 23.7 mm SL lateral band of melanophores begins
breaking up anteriorly.!

In the range 23.7 mm SL to 213 mm SL pigmentation
pattern changes from a partially broken longitudinal
band through a series of H-shaped blotches; horizontal
connections are eventually lost so that the blotches form
wavy oblique bands along upper sides and back; soft
dorsal, anal and caudal fin lobes show white tips and
pectoral fins are pale to dusky; pelvic fins with centfral
rays blackish, white margins present; * capable of losing
most dark markings when over light backgrounds; over
white sand only median fin tips {except that of anal fin)
are dark.s

GROWTH

Juveniles with a mean length of less than 40 mm SL in
April while in December mean is more than 120 mm SL.

Based on scale annuli: Age I, mean length less than 400
mm FL; Age II, mean length more than 500 mm FL;
Age III, mean length about 600 mm FL; Age IV, mean
length about 700 mm FL; Age V, mean length between

Fig. 16. Sphymena barracudn, Grest barracuda. A. Dorsal view of larva, no prominent pigment patterns

dorsal as

thraat, scattered melanophores about apal fin. (A-B, de Sy

. B. Ventral view of larva, mid-ventral line of ’pigment confined to anterior portion of belly ang

va, D). P., 1963: figs. 5B, SE.}
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62.7 mm SL

=

213 mm SL

Fig. 17. Sphyraenag barracuda, Great barracuda. A. Juvenile, pigment becoming scattered on head, 17.2 mm
SL. B. Juvenile, lateral pigment band breaking up anteviorly, 23.7 mm SL. C. Juvenile, blotched juvenile pig-
ment pattern, 2.7 mm SL. D. Juvenile, beginning of adult color pattern, 213 mm SL. (A-D, de Sylva, D. P,
1963: figs. 7A, 7B, 4B, 7C, 1 fig. 4B delineated by Donna Jean Davts.)

700 and 800 mm FL,; Age VI, mean length less than 800
mm FL; Age VII, mean length more than 800 mm FL;
Age VIII, mean length about 900 mm FL.*

Based on recapture of large juveniles or small adults,
there was an average growth of 5.6 mm SL/month in
Fl(]r_ida waters.t

AGE AND SIZE AT MATURITY

i\jlalgs mature at 2 years and around 480 mm FL in
borlda while females mature at 3 or 4 years and at
about 660 mm FL; in Ceylon maturity is reached at 350~
410 mm $1,.2
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Sphyraena borealis DeKay, Northern sennet

ADULTS

D \;14.17 o VI_'I’ 815_9; 13,15,17 A 114,17 or II, 815_
9; 11017 G G4 94849, V, I, 5; 17 lateral line scales
115 24-130 7 (132-138 *} (11B-E357); vertebrae 241725
124+ 12; ** gill rakers, none; '*7 teeth, about 40 premaxii-
lay teeth which are smaller than the maxillary teeth,
maxillary with rear teeth directed backward, anterior
palatine teeth larger than maxillary teeth, palatine tecth
about 10 in a series.'®'7

" Proportions in percent of HL: Eye 16.7+ 17.5-15.9; '
body depth about 50; ** snout 41.7-45.4; maxillary length
37.0-40.0.

Body elongate, slender,’s subterete; " head low with a
- conical snout; ™17 lower jaw with a fleshy tip; '** maxil-
lary not reaching a vertical with the anterior of the eye
by about one-half the width of the orbit.'*'" Secales
moderate size.'” Origin of the first dorsal fin above or
slightly in advance of the origin of the pelvic fins; tip of
adpressed pectoral fin falls short of origin of pelvic fin."**

Pigmentation: Qlivaceous 1417 g grayish brown °
above, silvery below.!®11.1531 A dark longitudinal stripe
sometimes present, this often broken up into blotches
along the lateral line to the caudal base; upper surface
of head and snout black; dorsal and caudal fins dusky
and other fns pale.*

Maximum size: To 457 mm ’2'% but usually less than 305
R 13,27 ’

DISTRIBUTION AND ECOLOGY

Hanige: North to Woods Hole* and Martha's Vine-

vard +%% <with one record on the north side of Cape

Cod; ** south Florida tip and throughout the Gulf of

Mexico and along the Central American coast to Panama,

also questionably recorded from Bermuda, Santo
¢mingo and Rio de Janeiro.’

Area distribution: New Jersey,>*122®* Delaware,” Mary-
fand Atlantic coast ™ and Virginia; * within Chesapeake
Bay, confined to the lower part.’s

Habitat and movements: Adults-—-schooling. Found in-
shore at Woods Hole from July toc December but adults

fare throughout this period. Move out or die off after
first snowfall.4

I.ar‘.’-ae‘p(-ﬂagic.1

}U"’eniles-—schﬂoling,‘ Common inshore at Woods Hole

fFr](;m uly to December; +* available to beach seining in
n 1

SPAWNING

Probably offshore as the eggs taken in December by
Houde were from the Florida Current about 8 km east
of Miami. Eggs were collected at 23.6 C. Larvae and
juveniles were collected in January.’

EGGS

Pelagic, 1.22-1.24 mm diameter; yolk transparent and
vaguely segmented. Oil droplet single and 0.27-0.29 mm
in diameter; il droplet clear yellow; perivitelline space
narrow.!

EGG DEVELOPMENT

Incubation time unknown but eggs hatched at about 20
hours after collecton at 24 C.!

YOLK-SAC LARVAE

2,6-4.0 mm SI.

24 myomeres through development, 14 preanal, 10 post-
anal; 24 vertebrae.!

Jaws not elongate at hatching but elongate shortly after
yolk sac absorption; volk mass large and nearly spherical
at hatching, absorbed by fourth day post-hatching; oil
globule, in anterior end of yolk mass, is alsc absorbed by
fourth day post-hatching; mouth develops at 4.0 mm SL
(about 3 days post-hatching). Pectoral fin weil developed
but without discernible rays by 3.8 mm; gut moderately
long at hatching.!

Pigmentation: Xanthophores common and hoth silver
iridiophores and blue chromatophares present on living
specimens; both melanophores and xanthophores present
at hatching; small melanophores distributed in a dorso-
lateral and ventrolateral row on each side of the larva,
the two rows converge as a single row above the yolk
sac and run anterior as a single row to the posterior
cephalic region, joining a series of melanophores located
over the hindbrain. Other melanophores present on an-
terior half of the oil globule and near posterior of the
yolk sac. One to two days post-hatching (about 3.8 mm
SL), melanophores become larger and more numerous;
those located in the lateral rows and on cephalic region
become stellate; more numerous on yolk sac; two small
melanophores appear near developing mouth; a series of
two to six small contracted melanophores noted near tip
of notochord. Eye becomes pigmented at 2 days post-
hatching. As larvae develop, both melanophores and
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D 3.8 mm SL
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Fig. 18. Sphyraena borealis, Northern sennet. A, Adult, length unknown. B. Egg, diameter about 1.2 mm. C.
Newly hatched 0}volk-sac larva, 2.6 mm SL. Dots in finfold are inclusions, not pigment. D. Yolkwsac larva, 3.8 mm
SL. E. Late yolk-sac lasva, 4.3 mm SL. F. Larva, 5.3 mm SL. (4, Goode, G, B., 1884: pl. 178. B-E, Houde,

. . D, I972: fige. 1, 2A-2C. F, de Sylva, D. P., 1963: fig. 4, delineated by Tamiko Karr.}



xanthophores become more numerous; xanthophores dis-
tributed over much of body and consist of elongate yel-
low cells forming a lovse network on the body. In life,
larvae appear green because of presence of both yellow
and black pigments. Blue iridiophores on hindgut and
some iridescent pigment on eves alse present.’

LARVAE
4.0-13.5 mm.

Second dorsal fin with 8 rays at 9.0 mm SL, 9 at 9.4 mm
SL, 10 at 10.9 mm SL; first dorsal fin with 3 spines at 10.9
mm SL, 5 at 11.3 mm SL, all specimens above 12.7 mm
SL have 5; anal fin with 8 rays at 9.0 mm SL, 9 at 9.4
mm SL, 10 at 10.9 mm SL, 10 or 11 in all specimens
above 10.9 mm SL; caudal fin with 7 rays at 7.4 mm SL,
16 at 9.0 mm SL, 17 at 10.9 mm SL; pectoral fin with 6
or 8 rays at 11.3 mm SL, 12 at 13.7 mm SL; pelvic fins
with 5 rays at 11.3 mm 5L, § at 14.4 mm SL. Branchios-
tegals 6 at 7.4 mm SL, 7 at 8.1 mm SL. Fleshy tip of
lower jaw begins development at 50 mm SL.

Head changes from 13% SL in a yolk-sac larva to 33% SL
in a 9 mm larva; snout 12% SL in § mm larva. Eye about
7% SL.1

Accessory caudal rays developing at 10.9 mm SL. Teeth
first appear on premaxillary at 5.3 mm SL (4 teeth);
bluntly conical at first becoming more canine-like by 7.0
mm SL; teeth developed on lower jaw and developing
on palatine by 7.4 mm SL; palatine teeth larger than
most premaxillary teeth by 12.0 mm SL; lower jaw teeth
1l at 9.4 mm SL to 15 at 12.1 mm SL; palatine teeth 6
at 9.4 mm §L.°

Ossification of axial skeleton begins at head and proceeds
posteriorad; at 7.4 mm SL nearly complete skeletal de-
velopment of head but little development posteriorly,
vertebrae restricted to incomplete neural and haemal
arches; centra formed at 9.1 mm SL, vertebral formation
complete at 10.9 mm SL. At 7.4 mm SL only an opaque
areq in dorsal finfold representing the second dorsal fin,
favs begin development at 9.0 mm SL, with complete
complement of rays at 10.9 mm SL; at 7.4 mm SL only
4 Opaque area in ventral finfold representing the anal
fin rays developing at 9.0 mm SL, developing posterior-
most first, 9 rays present at 9.4 mm SI. and complete de-
velopment at 109 mm SL; hypurals and some caudal
Tays present at 7.4 mum SL, all caudal elements beginning
v develop at 109 mm SL and easily recognizable by
21 mm SL; last three vertebrae, counting urostyle, con-
tribute to support the caudal fin; both neural and haemal
SPines of the antepenultimate vertebra (22nd) supporting
il}r.:cessory rays of the caudal fin as is the haemal spine of
"¢ penultimate (23rd); 8 hypurals formed near postero-
veutral surface of the urostylar vertebre; 3 epurals and 2
g"‘_’m of uroneurals; 17 principal caudal rays supported
¥ the hypurals. Finfold prominent in newly hatched,
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appearing granular, inclusions present up to .5 mm SL;
remnants of finfold persist until 12.5 mm SL., Notochord
starts flexure at 7.4 mm.!

Pigmentation: By 7 days post-hatching (about 5.3 mm
SL) stellate melanophores appear over the brain, on the
tip of the upper law, lower jaw, angle of the jaw, ventral
margin of the opercular region and over the foregut.
Fach dorsolateral row of stellate melanophores well de-
veloped while the ventrolateral rows condensed into a
single ventromedial row posterior to the anus. A mid-
lateral scrics of melanophores develops posterior to the
anus.!

At 9 days post-hatching (about 7.4 mm SL) pigmentation
more inteuse; abeut 5 melanophores present on the de-
veloping caudal fin; the fleshy tip of the Jower jaw darkly
pigmented at this stage; the extent and intensity of pig-
mentation increase with age. No changes in pattern
noted except for development of a line of pigment bisect-
ing the eve and a migration of melanophores from the
tip of the developing urostyle to the ventral margin of
the hypural plate.’

At 20-22 days post-hatching (about 12.5-14.5 mm) the
juvenile pattern of dorsal and lateral blocks of pi%mcnt
begin to appear. Steflate melanophores also deve oped
in the second dorsal and anal fins of individuals of this
size.t

JUVENILES

13.5 mm and larger.

Eye 5.3% SL at 150 mm SL, 4.9% SL at 200-250 mm SL..
4.7% at 300 mm SL, body depth 12.0-13.0% SL."

Keeled scales on caudal peduncle of specimens as small
as 14,5 mm SL.

Pigmentation: Pigment pattern of dusky blotches along
the back and along the lateral line; ' preorbital pigmen-
tation diffuse, scattered; caudal fin base without pig-
mentation; middersal line straddled by relatively large
distinct melanophores arranged serially from a point
above the pectoral fin origin to the end of the soft dorsal
fin base; melanophores at base of soft dorsal and anal
fins, if present, small and diffuse; a few large melano-
phores on occipital region; tip of snout generally heavily

pi gmcnted. i

GROWTH

2.6 mm SL at hatching, 5.5 mm SL at 7 days, 11 mm SL
at 14 days, 13.5 mm SL at 21 days.’®

AGE AND SIZE AT MATURITY

No information.
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F 66.0 mm SL

Fig. 19. Sphymena borealis, Northern sennet. A. Larva, caudal rays forming, soft domal and anal fin outlines
forming, 7.4 mm SL. B. Larva, fin mys forming, notochord flexed, preanal finfold praminent, pelvic buds formed,
94 oun SL. C. Larva, fin becoming forked, dorsal spines forming, 12.3 mm SL. D. Larva, pelvic fins fonmed,
reanal finfold completely gone, 145 mm SL. E. Juvenile, juvenile pigment pattern not formed, 21.0 mm
L. F. {uveni.le, juvenile pigment pattemn well formed, 66.0 mm SL. {4-E, Houde, E. D., 18972: figs. 2D, 3.
F, de Sylva, D. P., 1963: fig. 4A.)
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Sphyraena guachancho Cuvier, Guaguanche

ADULTS

D.V, 192 A I 82 (7-8% or IT, 8,27 V. I, 5;° C.
104+9-+8+9; %7 scales, 108-122° 120-130; ** vertebrae
12 +12; 7 gill rakers obsolete; teeth large, lance-shaped
in jaws and on palatine,” premaxillary teeth 3540, about
10 large teeth in lower jaw.®

Proportions expressed as percent HL or TL: Body depth
50 HL; eye 18.2 HL; first predorsal length 429 TL.°®

Body very elongate, nearly cylindrical; mouth large, a
little oblique, lower jaw projecting, gape reaching ante-
rior edge of eye; scales small; first dorsal fin origin be-
hind base of pectorals, second dorsal fin origin in
advance of anal origin, caudal fin forked.

Pigmentation: Dorsum grayish,® bluish gray? or oliva-
ceous,*'* silvery on sides and venter,'2%1? faint yellow
or golden stripe in life; ' upper part of head dark gray
or blackish; * some specimens with irregular black
blotches; ** margins of anal and pelvic fins and tips of
middle caudal rays black;** dorsal fins dusky and

pectoral fins pale.?
Maximum length: To 1 m® but usually to 810 mm.

DISTRIBUTION AND ECOLOGY

Range: Woods Hole, Massachusetts,>?-*'%32 to Brazil *
including the Gulf of Mexico and the Caribbean Sea*
drifting to the eastern Atlantic.#?"™

Area distribution: Lower Chesapeake Bay in Virginia>"

Habitat and movements: Adults—iturbid water along
silty shores,” along shorelines in shallow water or close
to the bottom in clear bays and harbors.'

Larvae—no information.

Juveniles--turtle grass { Thalassia testudineum) beds
open, silty bottoms in shallow bays (FDM).

SPAWNING

No information.

Length Unknown

63.3 mm SL

C

Fig. 20. Sphyraena

83.3 mm SL. C, Juvenile, with adult color pattern, 189.5 mm SL. (A, Pew, P, 1954:
. 4C. ©, Bohike, §. E, and C. C. G. Cha ::3& S}i& 201, Copyright © Academy of Netural Sciences of
her)

1988:
Philadelphia, used with permisvion of authors

189.5 mm SL

chancho, Guaguanche, A. Adult, length unstated. B. Juvenile, with juvenile color pattem,

fig. %0. B, de Sylva, D. P,,
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Fig. 21. Sphyreena guschancho, Guaguanche. A. Larva,
Larva, dorsal aspect showing dorsal portions of transvers

‘EGGS

E.Na information, presumably pelagic since the eggs of S.
}borealis,” S. argentea,*'® and §. pinguis ' are known to
‘be pelagic.

'‘EGGE DEVELOPMENT

M information.

YOLK.-SAC LARVAE

o information.
lARVAE
TEET AR

5-11.9 mm SL. Presumed to be larvae (FDM).

Mid-ventral row of melanophores extending posteriorad
Jron isthmus to vent; lower jaw tip heavily pigmented.
Faint pigmentation only on either side of mid-dorsal line,
melanophores at bases of soft dorsal and anal fins diffuse;
ZtWD hourglass-shaped crossbands on sides in larger speci-
'.Te“-‘if the first begins about two-thirds of the distance
=¢tween pectoral fin origin and anal fin origin; the sec-
;_'_’Fld Cominences just pesterior ko anal fin base. Preorbital
P'ghentation generally not distinctive.1

JUVENH ES

Deseriptions based on specimens 12.3-160 mm.

%ﬂk‘-‘s nearly complete in number by 12.3-130 mm SL.
;}Lam]aﬂes strongly arched in specimens 5.5-130 mm
i~ Lateral line raised and broad. Scales on the lateral

-!11](5 N . .
P iceably larger than others in specimens 12.3-130

ventral aspect showing mid-ventral pigment pattern. B.

e bands. (A-B, de Sylva, D. P, 1963: fgs. 5C, 5F.)

Pigmentation: Upper surface of lower jaw blackish; tips
of middle caudal rays usually blackish with center rays
darkest, stippled. Three hourglass-shaped bands on
body: first beginning at about last spine of first dorsal fin
and extending posteriad about one-third of the inter-
dorsal distance; second extends below the base of the
second dorsal to the anal base with the narrowest point
at about the lateral line; third about halfway between
the second band and the caudal base.'”

At 130-160 mim SL may have three encircling bands on
the posterior portion of the trunk.'*2 Color silvery to
olive with a faint yellow to golden longitudinal band
in life; margins of pelvic and anal fins black, tip of
middle caudal ravs black.?

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.
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FAMILY MUGILIDAE

The mugilids, or mullets, are a family of generally similar fishes distributed
in coastal waters of midtemperate to tropical regions of the world. Although
apparently confined to shallow water for feeding, as a group they seem to be
highly successful. Most species live in lagoons and estuaries, some entering
rivers and lakes, while a few inhabit freshwater exclusively, or almost exclu-
sively. Many are among the most euryhaline fishes known, moving freely from
fresh water to salinities far in excess of normal sea water. Because they form
large schools in accessible areas and because of their great biomass, most of the
larger species bave considerable commercial significance.

The family is characterized by conical heads and subeylindrical bodies only
slightly compressed anteriorly; subabdominal pelvic fins; 16 pectoral rays; one
spine plus five rays in the pelvie fing; usually four spines in the first dorsal fin,
which is well separated from the second dorsal fin; weakly ctenoid or cycloid
scales; little variation from a vertebral count of 24; and pelvic bunes connected
to the postcleithra by a ligament {Thomson, 1966}.

According to Thomson's (1966) review, the Indo-Pacific region has 10 genera
and 49 species of mullets, the eastern Pacific three genera and five species, the
western Atlantic two genera and seven species, the northeastern Atlantic two
genera and six species, and the southeastern Atlantic three genera and nine
species. In every region mentioned one species is the ubiquitous Mugil cephalus
Linnaeus. It and the slightly less abundant and wide-ranging M. curema
Valenciennes are the only mullets in the Mid-Atlantic Bight.

Both local mullet species are strongly and characteristically migratory in
certain seasons. Details of their movements are partly known only, but they prob-
ably spawn at sea well south of the mid-Atlantic states, utilizing the western edge
of the Gulf Stream to transport and nourish larvae, and put the prejuvenile stage
within active migration range of the middle and northeastern Atlantic coastline.
Earll (1887) described the general pattern of annual migration for stages larger
than prejuveniles. Briefly, each year's northward dispersal is shorter than that of
the previous year for each individual, and adults three or more years old are
seldom seer: in latitudes above North Carolina. Spawning localities here and
elsewhere in the world have remained controversial for a century. The scattered
solid evidence is cited in the species accounts below; a basically catadromous
pattern is indicated, on a smaller scale than that shown by Anguills rostrafa, and
differing in features such as yearly migration and less penetration of fresh water,
at least in the north (Moore, 1974).

Kristensen {1963) has shown that prejuvenile mullets are attracted to coastal
water by some factor present in the water itself. This factor is independent of
temperature or salinity and passes through paper filters but is removable by
filtering with activated charcoal. Seasonal entry of coastal water by multitudes
of prejuvenile mullets in surface-swimming schools has stimulated widespread
interest, since at that stage they can easily be collected and stocked in rearing
ponds. World literature on season of entry is now extensive and permits in-
teresting comparisons (see Table 1 under M. cephalus). For example, the com-
prehensive Egyptian data of el-Zarka and Kamel (1987), when compared with
that from other areas, raises at least the possibility that two separate breeding
stocks of nominal M. cephalus coexist there, perhaps reflecting a mixing of
Mediterranean and Red Sea stocks introduced via the Suez Canal.

Some descriptions of reproduction and life history stages have been omitted
from the species accounts, perhaps unjustifiably. The species identification in
the observations by Yang and Kim (1962} was questioned by its own authors and
others. Doubts were raised about the Indian material described by Nair (1957}
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and by Kuthalingam (1959, 1966) by disparities between them such as placement
of the oil globule, and by unexpected shared features including presence of the
eggs inside estuaries, and a hatching length of 1.1 mm TL versus more than
2.0 mm TL elsewhere. After comparing all the literature obtainable, the author
suspects that considerable variability exists in the world-wide population of M.
cephalus, as presently recognized, and that additional studies are warranted to
determine the real extent of genetic exchange between local subunits. To main-
tain usefulness of this review if Future species distinctions are made, some indi-
cation of the region from which information was derived appears in parentheses
after regionally variable features and in figure legends each time where stages
from different regions are represented.
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Mugil cephalus Linnaeus, Striped mullet

ADULTS

D. IV-I 7-8 (made 8); A. 11, 81500 (rarely 11, 897
or 111, 6-7 +5%%4); P. 14-18 (mode 16); *25 V. I, 5; 1%
C. 28-30 (7847 +7+7-8)"" smallest procurrent rays
visible only with disscction,”* thus count often given as
18-20%; #2513 yertebrae 11 4+13 4 or 12412; % first in-
terneural bifurcate above seventh vertebra; °° Iateral line
scales 37-43 +#%77.15" (rarely 44 7}, predorsal scales 23~
26; transverse scale tows 13-15; cheek scale rows 3-4; ™
gill arches 4 on each side; *# gill rakers 24-36 4 50-76,
number increasing with size; ' primary teeth uniserial,
simple, 57-101 in upper jaw, 97-149 in lower jaw; sec-
ondary teeth in bands, bicuspid, numerous, their number
increasing with size; ** no teeth on vomer or palatines; +*
pyloric caeca 2119380

. Means for 2 samples of 25 each as % SL: Head ength
©234-27.7; maxillary 7.0; interorbital width 89.3-104;
- greatest body depth 25.4-26.0; first predorsal 50.8-57.1,
- second predorsal 74.6, preanal 73.0-73.5, prepelvic 39.4—
. 39.3; first dorsal base 12.8-13.3, second dorsal base 10.8;
- second dorsal height 14.3-14.4; anal fin height 15.0-15.5;
- pectoral length 17.3-17.6, pelvic length 15.2-15.3
. (Florida).s

. Body robust"® moderately clongate, compressed; !!?
- lower profile strongly curved from snout to caudal pedun-
- cle. upper profile less curved,® but arched slightly from
. Snout to first dorsal fin origin; '** body oval in cross sec-
ton; #* caudal peduncle rather strongly compressed.
Head massive, somewhat broader than deep; " inter-
orbital flat,'9%19¢ short 12 and broad, its width more than
fwice eye diameter; :** snout shorter than eye,® blunt
> or rounded anteriorly with a strong taper in dorsal
o View; 101359 some scales on top of head slightly en-
- larged; 11 anterior and posterior nostrils widely sepa-
- Tated; **%3 preorbital weakly serrate.*'* Mouth moderate,
_phlique; 0 faws weak; 12 lower jaw included; ' max-
Jillary hidden when jaws closed, % its posterior end
" moving forward when mouth opened; " lower lip with
a thin edge directed herizontally forward or nearly so; %
wandibular junction nearly a right angle but becoming
_More obtuse with age, notched,*™** with a feebly double
=$ymphyseal knob.2® Gape somewhat broader than deep.’™”
*Gill openings wide; gill membranes free from the isth-
mus; gil]l rakers numerous, long, slender, and close-
Seteenedis peendobranchiae large.* A prominent
_Hdlpose eyelid almost obsecuring eye, covering preorbital
Ateriorly and extending almost twice as far posteriorly,
= eaving a parrow slit over pupil.***® Scales moderate,!*®
- aveloid oy feebly ctenoid,®-*® their posterior borders
‘Membranous, crenate 1 with a central emargination;
“ome seales with a single,® somewhat oblique mucous
‘groove  Tateral line inconspicuous.®® Pectoral fins

N (R T

[N

above midline, at level of eye; originating about length
of head behind eye; tips pointed, not reaching first
dorsal origin; a distinctly enlarged scale in pectoral axil;
pelvic fins subabdominal; origin of first dorsal fin over
pelvics; first dorsal spine longest, others graduated, Jast
spine about half as long as first; origin of second dorsal
fin stightly behind anal origin; upper margin concave,
longest ray ncarly same length as longest spine of first
dorsal; anal fin about sume size and shape as second
dorsal but margin less conecave; caudal fin deeply forked;
longest rays nearly as long as head, shortest about half
as long.#-#sietn Fine scales extending onto caudal
fin and some on anterior rays of second dorsal and
ana1_159,1U1.110

Pigmentation: Color varies with habitat and salinity,*111?
in fresh water very dark dorsally with overlay of dirty
brown or bluish color, dull white ventrally: in marine
waters dorsum olive green, sides silvery, venter off-
white,** In general, dorsum grayish olive,® grayish
blue,*'* grayish brown,'"' bluish brown ' or dark
blue; " shading to silver white on sides and white or
pale yellow ventrally; "' many brown spots on sides,
organized into rows along scale centers on upper half,
forming 5% to 10 dark lengitudinal stripes on upper
scale series down to about the tenth#"%3112139 [ower
band not extending behind anal origin’** Sometimes a
terminal caudal bar in migrating adults (RHM). Fins
dusky, minutely dotted with black, except pelvics, which
are a pale vellowish color; ™ '® pectoral black at base
of upper rays and distally, with a narrow pale margin,
inner surface almost black; margin and last few rays of
anal fin pale.’™ A dark blue streak or spot in the axil
of pectoral,'®**1* A golden ring around the iris,’*"**
this color evenly distributed (RHM).

Maximum size: Varies in different areas?®?%417.7* limit
ca. 900 mm TL *"' or 914 mm TL for India'*® and
Salton Sea, California.”'? Regional records include 511
mm TL in Chesapeake Bay.”

DISTRIBUTION AND ECOLOGY

Range: Adults world-wide along continents to approxi-
mately 42° N and 42° § *® (46° N in Mediterranean and
Black Sea), rare or absent in Philippines, East Indies 719
and West Indies ** (verified FIDM), not reported from
the Bahamas *** or Venezuela.® Island occurrences in-
clude Taiwan, Hong Kong, Hawaii, Guam, Marshall
Islands " and islands of the Great Barrier Reef,''? some
of these (e.g.,, Taiwan,® Hong Kong **) populated season-
ally by migrating spawners from nearby continental
waters. Juveniles often collected outside the above lati-
tudes, usually in the fall, e.g.. Nova Scotia,®® Maine,”
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New Hampshire.“-w"

Area distribution: Immature individuals common in
Chincoteague and Sinepuxent Bays on the Virginia-
Maryland coast,”” and in Chesapeake Bay, particularly
on the western shore, also common in bays near Ocean
City, Maryland '* and aloug Delaware and New Jersey
coasts.’

Habitat and movements: Adulis—coastal waters gener-
ally from freshwater to hypersaline lagoons. Apparently
restricted to shallow water during a discrete “trophic
(feeding) phase.” Trophic phase adults typically in fresh-
water in Australia** estnarine elsewhere but readily
entering freshwater.?*">"*" Reported to prefer muddiest
water in Colorado River drainage.'’”® Many adults
thought fo remain outside estuaries after their first
spawning in South Africa; “* shallow marine populations
at Heron Island on Great Barrier Reef *'* and Shark Bay
in western Australia ’** considered possible permanent
marine aggregations,*® although ouly winter catches
reported at Heron Island.*'

Minimum temperature 4.5 -8 C,}!* maximum ca. 37 C
{1 adult collected at 368 C)."* Heated water {cutfall tem-
perature 8 C above ambient) a possible factor attracting
huge numbers of adults to a Texas power plant effluent
in winter.!o7

Euryhaline, salinity range 0-81 ppt; "% live muilet
of unspecified size at 8486 ppt in South Alrica, also
deaths and emigration above 75 ppt" pattern similar
in hypersaline Laguna Madre of Texas.®

Typically near surface in marine environment; 7343
deep occurrences in trawl collections mostly west Afri-
can, several adults recorded between 80 and 240 m,*
one at 329 m.*" :

Adults characteristically mobile, but migration periods
interspersed with relatively sedentary trophic periods;
local movements consisting largely of travel to and from
tida! flats with tides **'** often feeding on flats at night,
retreating to channels in daytime.” Exact timing of
migrations variable from year to year, sometimes by as
much as 2 months.?* Trophic phase appears universal
through late spring to summer or fall, later in subtropics
and tropics. Migration onset marked by increase in size
of schools, followed by movement down streams and
estuaries into open marine water; males?® and large
females predominating among early migrants.®>™ A net
directiona] trend toward tropics present in alongshore
movements of high latitude stocks; "*1"*2 in Florida
trending also counter to prevailing direction of inshore
currents.®® In autumn spawning and/or non-spawning
fish reported to move south of Cape Hatteras, North
Carolina,’** from temperate toward tropical Australia,”™
and from Sea of Azov to the Crimean coast of the Black
Sea.'*? Winter movement suggested to be out of estuar-
ies onto the continenta! shelf in southeastern U.S.% and

South Africa; 2 some winter movement in and out of
estuaries with weather changes indicated in Nortl
Carolina.®?

Maximum residual displacement of tagged M. cephalu
563 km in Florida,” 740 km in Australia; ?* in the 4
year Florida study, 21% of recaptures traveled morc
than 180 km, 4.5% more than 80 km, but 90% of re
captures after 270 days were within 32 km of marking
point.®®

Larvae—generally collected with eggs from surface of
Black Sea'®* but concentrated in certain offshore
areas; ***1* jn surface-towed nets 80-80 km offshore
in Gulf of Mexico; " from the Gulf Stream shoreward
off North Carolina to Florida,'? within ca. 16 km of
the Israeli coast,” and from Japanese inshore waters out-
ward ca. 300 km to the east ** and 300 km to the south.”
Classified as marine hypoeneuston in the Black Sea, with
principal concentrations predicted to exist at least 8-16 km
offshore (to avoid beach stranding and surf damage).'?

Temperature range 15.8-25.3 C near Japan, frequency of
occurrence strongly peaked near 21 C; 52 24.0-28.0 C in
Black Sea.”™ Hawaiian laboratory survival range 16.5-
275 C with 24.9 C optimum for first 12 days.'®'

Salinities 10.93-12.83 ppt in Sea of Azov, 16.3-18.0 ppt
in Black Sea.’*® Hawaiian laboratory survival reduced
below 50% at 24 and 34 ppt, good survival first 968 houns
in range 26-32 ppt."*

Water depth at sites of larval occurrence from 9 m * to
1385 m.” Some sinking by viable eggs and larvae docu-
mented,***™"%* but citation of depth of cccurrence at
200 m *** possibly a misinterpretation of Hotta (1950)."

Large scale larval movement apparently consisting of
drift with prevailing currents.®® Small scale and diurnil
movements observed in laboratory at 20-24 C: yolksa
larvae below but near surface, suspended or slowly
sinking yolk uppermost, with periodic righting motions
forward and upward in a semicircle; #43*5 sinking ¥
bottom of 70 cm vessel late day 2; concentrating at sur
face day 3 with greater activity,** but tending to seet
low light levels (B00-1400 lux); spending third and al
succeeding nights as larvae at surface; ** diurnal up and
down movement day 6, a second period of sinking
starting day 8¢ or 10-13; *'* subsequent sustained da®
time schooling in upper half of 1.5 m deep vessel.™

Prejuvenile (“querimana”)—stage including two habitas
early part generally considered marine and pelagic; *>™
reaching estuarine waters by drift and/or migration. £v
tering in dense schools and dispersing in waters 2-50 <
deep ™ from the mouths of bays into freshwater streams”
Minimum size at entry varies: 10 mm TL (India).” !
mm TL (South Africa)® 128 mm SL (Australia)® ¥
mm TL {Israel,™ Egypt),**¢ and 16-18 mm SL (Flor



ida,*° Georgia'); maximum sizes offshore up to 29 mm
(Japan) ** and 31 mm SL (southeastern U.S. *'2) reported
from &3 km inland by 18 mmm FL (North Carolina )
and 193 km inland by 28 mm SL (Colorade River, Ari-
zona).*’ Estuarine habitat possibly variable depending
on other mullet species present, e.g., open shallow water
away from shore in Egypt; '** seldom found in open
water or current in Florida saltmarsh, usually in small,
shallow pools, with soft mud bottoms; * standiniv:vater
in drainage ditches in Mississippi; ** quiet backwaters
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around eel-grass and other macrophytes over silty bot-
toms coated with algae or decomposing vegetation in
Black Sea area.™

Minimum temperatures 8 C* 5.0-9.8 C; ™75 mawimum
exceeding 30 C,7* 28.5-34.5 C v

Fish 18 mm FL in freshwater; ** maximum salinity at
least 35-40 ppt.’* the size class represented (but not
correlated with salinity} in Sinai waters that reached 74.8
ppt *'" and Texas waters that reached 54.3 ppt: * smaller

Fig. 22, Mug; halus, Striped mullet. A. Adult, 356 mm SL. B. Fertilized egg, diameter 0.91 mm (Havraii).
C-gTWmﬂuégggfwm OPQEId mm, D, Two—ell stage with unequal cleavage, diameter ca. 0,72 mm {Sicily).

E. Four-cell stag
mm, (A, Smith, J. L. B.. 1965: fig

i . 0. . F. Sizteen-cell stage, diameter 0.93 mm, G. Morula, dismeter ca. 0.72
e o 7429’;?:” m'uersefl.f B, C, F, Kug, C-M,, et al, I878: pl. 1, fige. 1, 2, 3, delineated

iﬂ Joan Eifis. D, Viallki, M., 1937: fig. 280, after Sanzo, 1936. E, G, Sanzo, L., 1936: pl. 1, redrawn by Tamiko

)
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sizes apparently absent in hypersaline parts of Texas
Laguna Madre,* survival and growth enhanced by
freshening of culture water.’®"

Table 1 summarizes seasonal records of prejuvenile estu-
arine entry, with some extrapolation from indirect evi-
dence.* Calendar of Table 1 rearranged to align seasons
in northern and southern hemispheres; suggested peaks
of occurrence indicated with the letter P; peaks ranked
in amplitude using subscript numerals, Winter entry the
indicated world-wide norm, shifting backward through
fall 1o late summer with increasing latitude in Evrasia,
elscwhere shifting forward through spring. Oeccurrence
year round in Egypt, the indicated peaks based on both
ahsolute numbers and average frv per net haul***

Distance of marine dispersal indicated to be at least
100-500 km,** 7™ probably aided svmewhat by cur-
rents.’’” In culture after ca. 11 mm TL schools shifting
in daytime from upper to lower half of 1.5 m deep
vessel, stifl spending nights at the surface.’®

Juveniles—transformation from prejuvenile involves
change from predaceous *** to iliophagous {detritivore)
feeding habits.*'** Habitat generally similar to that of
adults: estuaries and lower freshwater zones in Austra-
lia; 2* distributed throughout river systems of Israel ***
and Florida; ®>**'** agcending rivers for considerable
distances in southern 127137 and southwestern U.5,; 5120
remaining mostly in saline waters from Chesapeake Bay
northward ***° Usually along sandy shores near Ocean
City, Maryland, but sometimes in creeks over mud
bottoms.*®

Thermal tolerance generally similar to adults; in Hawaii
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Iower fimit 10.4-14.0 C, upper limit 29-33 C.'* Reported
to aggregate in sheltered areas before arrival of severe
cold weather.™

Salinjty tolerance similar to adults; commonly taken
above 75 ppt in Svuth Africa; juveniles, probably of this
species, sighted at 84 ppt.s? ‘

One juvenile reported from a shrimp trawl haul at a
depth of 37 m.*

Moving in small scheools that may travel considerable
distances within river and estuarine systems, also enter-
ing marine waters and traveling to other estuaries, fre-
quently before "> or after** the spawning migration
of adults. Penetrating farther than adults toward the
Gdges of the species range_m‘uﬁ,m:.s:i,nm

SPAWNING

Location: Documented by eyewitness report near and at
surface 60-80 kmn offshore in Galf of Mexico, close to
edge of continental shelf over 1385 m of water; verified
by presence of eggs and larvae in plankton collections at
site.” A wide distribution of eggs reported in Black Sea,
including inshore zones,”’® but major concentrations
mapped offshore""512% these suggested to be spawned
offshore ™' or carried offshore by wind or water cur
rents from inshore spawning grounds®® In southem
India eggs reported from just outside estuary,® their
species identity questioned; and from just inside estu-
ary,* their identity also questionable.®” Reports from
eastern India generally agreed that adults leave estw
aries for spawning,*%9+124122 but very small size of enter-

TasLr 1. Season of cstuarine and lagoon entry by prejuvenile Mugid cephalus:
P, = primary peak, P.. = additional peaks, 4 = present, # = occurrence sporadie,

Segyon Summer Autumn Winter Spring Bummer
Month

{south 0! equator} J F M A M J J A s o N o

[north of sguator) J A 5 =] N [ o+ F M A M J
Ltocaiity Saurces
Black Sea, France -+ P, + + T 65,7470
itaty, Coralca + P& + + + 73@.91 .14
Israal + + + + + Py + -+ -+ 2’1n3.123
5lnal -+ + + + + + Py 17
Egypt + + Py + + + Py Pg 4 =+ + + 124
South Africa + Py ¥ + Py T P -
e B A B Pr 4+ Pa 3 48,49,128
Hong Kang -+ + Py Py -+ P k- 27
Talwan &+ [ ] P @ 4 1931@
Japan + + Py + + + 52,184
Hawall o+ + + + 15
Australla R Py 23,70
Ghile Fr + + T + + + + P 157
Texas # + Py + + P 4+ 36 46,6010
Mikuisaippi + 4 Py + + il ¥ 155 :
Alabama + o+ [ + + Pa + 122 :
N. Florida -+ # + ] [ + -+ o Fa o+ 80,135.f35-m ~
§. Fiorida #* + Py P, + P, Pa + Pa@ 32'42,146 -
Gaorgia + + P, + 4 P2 ¥ ¥ i
5. Carollina + o+ + P + + Py + 12@.158 _
N. GCarolina + -+ + + + P + + Pa 84,193
¥irginia + Py P + 1@
Meryland + P + 10

*Paak week, aporadic, not presant avery yaar.
@Evidenca extrapolated from Ilisrature tlues, lurval ozcutrence, stc.
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Fig. 23. Mugil cephalus, Striped mullet. A. Late neurula, diameter 0.93 mm. B. Embryo, note pigment on oil
globule, diameter ca. 0.93 mm. C-E. Late embryos, diameters ca. 0.72 mm. (4, B, Kuo, C-M,, et al., 1973: pl.
1, figs. 7, 9, delineated by Tamiko Karr. C, E, Sanzo, L., 1936: pl. 1, figs. 6, 8, redrawn by Tamiko Karr. C,
Yashouv, A., and E. Berner-Semsonov, 1970: fig. 5, after Sanzo, L., 1936.)

ing fry, down to 10 mm TL well inside estuary, s
suggests inshore spawning.

Ovulated (eggs ripe enough for successful artificial fer-
tilization} female taken 64 km offshore from California
over 1645 m water depth”® The only other reports of
ovulated females inside lagoon of near sea-strength
salinity in eastern Sicily,”® and landlocked in Corsica ™
Landlocked females reported to begin cogenesis but
Apparently never to ovulate at various locations,*-#3.124.125
E‘«'lglence (fry entering estuaries at less than 15 mm TL)
available for inshore spawning in India ** and South
g‘fﬁ:{a; ° spawning sites currently debated for Black
€3tz and porthern Australia; 25" evidence favors
offshore spawning elsewhere, 215284

.SB?“'U?: Possibly documented as well by season of pre-
Mvenile estuarine entry as by much of literature on
‘Pawning jtself 227 (see’ Table 1). Smallest prejuveniles
Eif’bab}}’ 15-30 days old, depending on size, and largest
car end of season probably 30-90 ays old {GED, based
o0 growth in culture °).

feour o1 five peaks per year of migrating, near-ripe adults
\ Pl‘}rted to pass Taiwan, concentrated in successive first
2 third phases of the moon, first and last peaks small

and sporadic, the second yielding in about 10 days ap-
proximately 80% of spawners harvested.’"'** Some EE
males on Texas coast conmsidered “partially spent” as
evidence of more than one spawning per female per
year, although this not apparent from ovarian study of
Black Sea material."® Peak spawning periods fairly well
established from mid-fall in temperate Australia to early
winter in tropical Australia,”® India '2* and Texas.”* End
of breeding season more diffuse than beginning or peak,

robably . late fall or early winter in temperate Aus-
tralia ®*™ Egypt,>'* Israel? and North Carolina,®*%492
mid-winter in Japan,® Taiwan,”** Hong Kong ¥ and
tropical Australia,”” early or mid-spring in Hawaii 1%
Okinawa,®* Chile,’® South Africa 5% West Africa,®
eastern India *12* South Carolina ?? and Texas,’** and
late spring or early summer in western Florida *** and
southern India.*

Time: Direct observations of spawning at night.”15 Noc.
tumnal spawning and very rapid egg development listed
as possible adaptations minimizing probability of eggs
being exposed to heavy waves.'*

Temperature: No direct information; 21 C found most
effective to stimulate completion of oogenesis in captive
Hawaiian mullet; *** spawning hormonally induced over
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range 22.8-23.5 C; ' optimum temperature for capture
of migrating spawners 21-25 C.*

Salinity: No direct information; spawning induced in full
strength seawater (30-35 ppt) in Hawaii, Taiwan and
Esrael; * fertilization presumed to require high salin-
ity: ** fish on spawning migration make wide detours
10 avoid river floodwater.”™ Reported possible breeding
in the Colorado River *® is doubted (FDM, GED).

Fecundity: Estimated at 64862 eggs per gm. of female
body weight; *>2* in millions of eggs per female .76-
1.53,% 1.2-283#s700 1648+ 277-404'% and 3.6-
7.2,

EGGS

Location: Accounts differ, reported floating in Black Sea
with fat amounting to 6.1% of total egg volume, also with
a2 hydrofuge membrane that attaches to the surface
Blin; *2° in culture foating " or sinking ** (Italy), float-
ing in water of 27 ppt salinity,” suspended in circulating
water but sinking in still water ** (Taiwan), suspended
in moving water but becoming more buoyant so most
float after 12 hours *® (Hawaii), floating first 20-22 hours
then sinking to bottom of vessel where they hatched »°°
{Israel).

Unfertilized eggs: Ovarian eggs nonspherical at 0.57 mm
diameter ** (see oogenesis details ®>'}. Hydration oc-
curring a day or so before spawning.*** After ovulation
eggs spherical, nonadhesive and transparent.™

Fertilized eggs: nonadhesive,’® spherical #7%:541% {rans-
parent,®1%:54.1% straw-colored; * chorion with irregular
delicate sculpturing,®® or without markings, sculpturing *°
or attachment mechanisms except hydrofuge mem-
brane; '** yolk unsegmented.? Oil droplet single if eggs
released spontaneously, sometimes several droplets pres-
ent in artificially removed eggs,®® these can develoli
normally, droplets coalescing during development.? Oi
droplet without color,’® yellowish ** or light yellow.>*

Egg diameter 0.60-0.72 mm (Black Sea %), 0.66-0.72
mm (Israel %), 0.72-0.807 mm (Italy,’* Sicily,"® Cor-
sica ™), 0.8 mm {India %), 0.65-1.08 mm (Japan ), 0.898—
0.982 mm {Taiwan %), 0.88-098 mm (Hawaii %),
Oil globule diameter 0.26-0.31 mm (Black Sea '*%),
0.28 mm uniform (Italy,’*® Sicily *°), 0.37 mun (India *°),
0.36-0.40 mm (Taiwan ">}, 0.33 mm umiform (Ha-
waii *), 36.1-40.0% of egg diameter (Israel).?

EGG DEVELOPMENT

Cleavage meroblastic; ® first cleavage variously equal %%
to unequal; ©3 perivitelline space minute,” appearing
15 © to 40 ** minutes after fertilization.

Incubation time: 38 hours at 23-24 C ¢ (Italy), 59-85
hours at 20-24.5 C **** (Taiwan), from 24 hours at 30.6 C

to 108 hours at 11.4 C (Hawaii) according to the equa-

tion:
log time =23.6674-1.5240 log temperature

with maximum survival at 23 C; time at optimum tem-
perature 40-49 hours,’*! thermal optimum strongly
peaked at 22-23 C;® development very poor below 2
C ¥ {Israel). Optimum salinity in range 30-32 ppt, sur-
vival percentage reduced from 90% at 32 ppt to 5% at
24 ppt (Hawaii '*),

Major developmental stages as follows (note wvariation
in time of appearance of Kupffer’s vesicle):

At 24C* 21-24C** 20-245C* Stage
Hr. Min. Hr. Min. Hr. Min.
30 1 1¢ I 30 2 cell, 1st cleavage
1 05 1 40 1 50 4 cell
1 25 2 10 2 10 8 cell
I 3 2 30 2 30 16 cell
I 5 2 50 2 50 32 cell
2 25 684 cell
2 40 128 cell
33 45 48 Late segmentation,
morula
6-7 8-9.5 895 Blastula
7 9.5-11 9.5-11 Early gastrula, em-
bryonic shield
12 11-14.5 11-14.5 Late gastrula
13 30 14 20 14 30 Neural groove
15 00 Kupfler's vesicle >

14 30 18 15 18 30 Optic vesicles ap-
pear, segmentation
begins

Kupfler's vesicle,”
otic vesicles formed
First melanophores,
lens vesicle
Heartheat com-
mences, first xanthe
phores

Tail free

Finfold appears ofl
tail

15 30 18 17 10
20 55 286 30 32 40
2 10 34 10 33 40

27 40 48
50 40 50

31 05 55 10 54 Tail reaches head
36 59 59 Hatching begins

Pigmentation: Large, stellate melanophores first eviden!
on oil globule at 9% to 32.6 > hours, later on yolk s&
beside trunk, along trunk and on interorbital region.”
becoming denser and more distributed until specim®®
almost black at hatching; = light yellow pigment for™
ing breaks in the dark background;** eyes not differ
entially pigmented before hatching.1o18

YOLK-SAC LARVAE

Hatching length: 2.2-2.5 mm TL (Black Sea,' Ttaly ”"“:}" :
2.42-2.88 mm TL (Hawaii %), 2.5-3.5 mm TL (Taiwan*} -
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ca. 2.5 mm TL

Fig, 24, Mugil cephalus, Striped mullet. A. Yolk-sac larve, mewly hatched, 2.5 mm TL. B. Yolk-sac larva, third

day

after hatching, ca. 2.5 mm TL. C. Yolk-sac larva, §fth day after hatching, ca. 2.5 mm TL. Larva, eighth

day after hatchjng; ca. 2.5 mm TL. (A-D, Sanzo, L., 1936: pl. 1, fige. 9-12, A-B redrawn by Joen Eilis, C-D

redrawn by Tamiko Karr.)

‘2‘4"3'6 mm TL {IsraelZ), Size at end of stage 3.1-3.5
otm TL; little or no growth during stage, length may
-¢ven decrease.®** Duration of stage 2-5 days at 2028

LR, 106,144

;‘j hiatt(:hing yolk sae ovoid 19 or oblong-ellipsoidal; *
Cgurgda ule near center % or rear ¢ of yolk sac; noto-
: curved along yolk sac, curvature greater when

hatched at lower temperature; gut not well developed;
finfold complete,’® with a short preanal section; myomeres
apparently 2610 or 28,2 very difficult to count because
of obscuring pigmentation; 5 heart in embryonic position;
preanal length greater than postanal length.’®

At 20-24 C mouth open day 2, its width 0.065 mm
by day 3; formation of pectoral fins* and internal
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organs evident day 2; gill clefts open day 3 ar 4; '* heart
rotation from embrvonic position and volk sac much
reduced day 3; doersal finfold moved somewhat forward
on head by day 3; myomeres 24, with 12 caudal, on day
3.1 Oil globule still present when yolk disappears about
day 415146

Pigmentation: At hatching stellate melanophores over
o0il globule, yolk surface and body, Bne spots along

dorsal and ventral profiles of the caudal trunk, yeliow
pigment also present.»!"1%79  Pigmentation increased
day 2,* especially on brain and eyes.'”™ Day 3 black
pigment has increased along inferior profile of abdominal
trunk, and laterally; a yellowish blotch midway between
anus and the caudal extremity extending upward into
the dorsal finfold. Intense black pigment over yolk sac
in the anterior abdominal region., Some spots in the
pectoral membrane. Evyes reflecting silvery by day 3.1

Fig. 25. Mugtl cephalus, Striped mullet. A. Larva, 2.4 mm TL (Black Sea). B. Larve, 2.8 mm TL,
8.5 mm TL. D. Larva, 4.0 mm TL (southeastern U.S.). (A-C, Dekhnik, T. V., 1973; pl. 12. D, Anderson, W. W,
1958: fig. 2.

C. Larva,



LARVAE

Specimens described 3.1-10.9 mm TL. Size at end of
stage ca. 11 mm TL (9 mm SL). Duration of stage ca.
20-24 days in culture (ending day 24-28).%%

Caudal rays formed first, ca. 7 at 4.0 mm TL; 14 prin-
cipal and ca, 3 veniral secondary rays at 5.4 mm TL; '
1 additional ventral and 4 dorsal secondary rays at 7.9
mm TL,! final count also reported as 20 at 8.25-10.5 mm
TL. Second dorsal with 7-9 bases countable between

- T ARV Ay

Fig. 26. Mugil cephalus, St

5.2 mm TL, note advanced development at smaller size (Ji‘*}’m)-
(A, D, Anderson, W, W., 1958: figs. 3, 4. B, Dekhnik, T.

by Tamiko Karr}

-—V////Z{/é
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4 and 5.7 mm TL: ' not countable at 40 mm TL but
with 9 well formed rays at 5.4 mm TL. First dorsal with
4 bases countable at 54 mm TL; 4 well developed
spines at 6.7 mm TL. Anal bases not developed at 4.0
ram TL; 11 developed rays at 6.2 mm TL; last ray
branched at 7.9 mm TL. At 4.0 and 6.7 mm TL pectorals
rayless and fleshy; 9 or 10 rays in the upper part at 7.9
mm TL. Pelvic buds not present at 40 mm TL; buds
evident by 54 mm TL; some rays formed at 7.9 mm

iz ‘—/Z:d

mullet. A. Larva, 5.4 mm TL. B. Larva, 6.2 mm TL {Black Sea). C. Larva,

D. Larva, 8.7 mm TL (Southeastern U.S.).
., 1973: pl. 12. C, Imai, 5., 1958: pl. 46, delineated
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TL;* 6 rays present at 10.9 mm TL."* Myomeres 24
total, 11 preanal on day 5 (ca. 34 mun TL ).

Preanal length considerably greater than postanal length
on day 3, less so on day 8.1¢ At 10 mm TL {as % of TL)
head 28.6, body depth at first dorsal less than 20; eyes
ca. 33% of head length.'**

Feeding on day 5,%!%!% but not intensively until day 9; ©
Meckel's cartilage and branchial cartilage evident day

5; ' gill filaments forming at 3.35-3.8 mm TL (day 8},
lamella on gill filaments at 3.85-57 mm TL (days 14-
15); '* gape measuring .636-.882 mm {15% of TL} at 5.2
mm TL;* oil globule stll present after disappearance
of yolk day 5, finally gone day 8% or 9; % stomach, in.
testine, spleen, gall bladder and swim bladder forming
at 3.06-3.4 mm TL (day 5);'" urostyle flexion begins
before 4.0 mm TL;* hypurals forming days 81° to 13
at 3.45-5.10 mm TL; *'* cephalic portion of finfold nar-

Fig. 27. Mugil cephalus, Striped mullet. A. Larva, 7.9 mm TL. B. Prejuvenile, ca. 11,9 mm TL (9.7 mm SL}.

C. Prejuvenile, ca. 14.8 sun
W. W, 1958: figs. 5-8.)

L {12.1 mm SL). D. Prejuvenile, ca. 28.8 mm TL (19.8 mm SL}. {4-D, Anderson,



rowed and notably raised day 5, some finfold still
present between median fins at 8.7 mm TL, almost
one ** or gone ' at 8.0 mm TL; nostril single and oval
in shape at 5.4 mm TL; teeth absent throughout stage; !
scales beginning to develop between 8 and 10 mm
TL ™ or SL. Elongate, non-wettable patches present
on either side of dorsal fin, carrying films of air sug-
ested to function as an accessory hydrostatic organ

{Black Sea).1z¢
Pigmentation: Strongly pigmented in black and yellow at
2-5 mm TL; © black pigment reduced on abdomen day
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5, but angmented on the ventral profile and aligned
along the course of the future lateral line; a large dark
blotch persisting behind the anus the height of the trunk,
with a yellow patch behind it extending into the dorsal
finfold; diffuse yellow color present on head and trunk.’?
By day 8 {ca. 3.5 mm TL'*) melanophores even more
strongly branched, especially on abdomen; yellow patch
no longer apparent in dorsal finfold.’* Surface dark in
color by 3.45-5.10 mm TL {days 10-13). At 5.4-6.6 mm
TL {days 16-18} dark spots scattered over hody; shiny
silver-white ™ or silvery green® color developing ven-

Fig. 28. Mugil cephalus, Striped mullet. A, Prejuvenile,

nile, tr: i , TL. C. Prejuvenile,
e, ventral view of head at 30.6 mm utheastem%-s‘)- 4, B, Perlmutter, A, vt al, 1957: pl. 3,

U.8.). E. Prejuvenile, ca. 32 mm TL (50
Vialli, M., 1937: pl. 34, fig. 17, retouc
Anderson, W, W., 1958: fig. 9.)

ventral view of bead at 22 mm TL {Israel}. B. Prejuve-

24 mm TL (Ttaly). D. Prejuvenile, 25 mm TL (eastern
fgs. D, F. C,

hed. D, Hildebrand, 8. F., and W. C. Scheoeder, 1928: fig. 111. E,
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trally from gill cover to anus. At 6.0-7.65 mm TL (days
20-21) color appeared brown at times and silvery green
at other times. At 8.25-10.9 mm TL {days 22-24) color
noted as silvery white (Taiwan),"® also reported at 10
mm TL as uniformly brownish with points and blotches
of pigment in scattered groups (Italy).}¢¢

PREJUVENILES

Size range: Ca. 9~44 mm SL (11-52 mm TL)."** Speci-
mens described 9.7 mm SL (11.9 mm TL) to ca. 4 mm
SL (532 mm TL). Estimated duration of stage variable
with temperature and other factors, age probably 30-94
days at end of stage (GED).

Fig. 29. Mugil cephalus, Striped mullet. A. Prejuvenile, 39 mm TL (Israel). B. Prejuvenile, 42 mm TI, (Italy).
C. Juvenile, 55 mm SL (southeastern U.5.). D. Juvenile, 83 mm SL. (A, Perlmutter, A., et al, I1957: pl. 3, fig.
A. B, Vialli, M., 1957: pl. 34, fig. 18, retouched. C, Andewson, W. W., 1958: fig. 10. D, Kilby, I. D., 1948:

pl. 1, fg. a)



Modal counts: D. IV, 1, §; A, I, 9, changing at end of
stage to III, 8; C. 29, principal rays 14, secondary rays
7 dorsal and 8 ventral; P. 16-17; V. I, 5: number of
elements established by 9.7 mm SL.” Scale rows 42 longi-
tudinal, 14 transverse.® At 25-34 mm SL primary teeth
in upper row 20-29, mandibular row 6-15, upper sec-
ondary teeth 0-15; ** at 19 mm SL ca, 16 teeth on tongue.!

Scales forming at ca. 11 mm TL,'®*' the largest measur-
ing 0.40 X 0.25 mm with 1-3 circuli; '* until after ca. 30
-mm TL characteristically distinct in form from those of
juveniles and adults, the posterior exposed region
crowded with incomplete circuli that are interrupted in
the middle portion of each scale "¢ At 9.7 mm SL
{ca. 11.9 mm TL} nostrils double with well-separated
openings; teeth still absent; the full complement of fin
-rays formed; last soft dorsal ray branched to its base
‘{only the last anal ray branched previously); preorbital
unserrated, serrations first evident between 15 and 19
smm SL.2

- Further fin ray branching as described:

Caudal-—6 middle rays at 12.1 mm SL; all 12 middle
rays by 19.8 mm SL.

Soft dorsal—the eighth (secondary branching) and
seventh rays at 12.1 mm SL; the posterior 7 rays by
198 mm SL; first ray barely branched by 26.9 mm
SL.

Anal-—secondary branching on both halves of last
ray ! (important generic characteristic in this fam-
ily ®) and the 4 rays before it at 12.1 mm SL; last 8
rays by 19.8 mm SL.

Pectoral-—a progression throughout stage beginning
dorsally by 19.8 mm SL and ending ventrally after
juvenile transformation.

‘Head scales well developed by 21 mm TL except for a
-rostral band without scales that narrows somewhat dur-
-ing the stage. Throughout stage depth at first dorsal in-
creasing in proportion to length, and preanal length
ncreasing more rapidly than postanal length.*** Adipose
¢velid evident microscopically by * or before 1*° 28 mm
il-: its anterior lobe beginning to grow over eye at ca.
-5 mm TL, the posterior lobe at ca. 3¢ mam TL; %.12% eye-
%]_d noticeable macroscopically by 42 mm TL.'* During
uge pectoral gradually becoming more pointed, soft
-.“l“orsal and anal borders more concave, and caudal more
:eeply forked.! From ca. 41 to 50 mm TL third anal ray
.chgngmg to a spine by deposit of hard material in the
“rticulations, the breaking off at an articulation, and
subsequent sharpening of the point.~+10s

Pigmentation: Features basically similar in various ac-
;‘fgur_i_ts but sizes vary. Ground color grayish white at
: “;8*" mm TL; % silvery green from § to 15 mm TL;
Brass-green, but showing silvery white, after 16 mm
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TL; ™ from 16 to ca. 40 mm TL brilliant silvery ventrally
and laterally, showing flashes of pale whitish blue, pro-
gressively duller dorsolaterally until the color reaches a
dusky tan on the dorsal surface; * at 21 mm TL brown-
ish on the back, silver ventrally; ** at ca. 23-32 mm SL
silvery sides sharply defined from the dark brownish
green back; ** entering a dusky phase after 32 mm
TL.* A longitudinal dark trace reported on the flanks
posterior to the first dorsal at 22 mm TL, weak at 28 mm
TL, gone at 33 mm TL,** a similar trace figured at 9.7
and 12.1 mm SL." Rarely showing even a hint of adult
stripes before a transition at ca. 30-35 mm SL ** (40 mm
SL ") after which stripes become more evident. A con-
spicuous iridescent spot usually present between eyes at
40 mm SL or less, and an orange-red spot between pos-
terior margin of eyes up to ca. 35 mm SL.% Iris golden #
or silver-white, adjacent tissues silver.” At 22 mm TL
pigmentation sparse on lower side of head, steadily de-
creasing until only a verv few melanophores remain at
30 mm TL, concentrated mostly in gular region; never
pigmented on mandible.'” Fins transparent at 22 mm
T1., but hy 28 mm TL * (or beginning as early as 21 mm
TL *") the first dorsal fin macroscopically showing large
numbers of isolated melanophores,?*¢ numerous smaller
chromatophores evident microscopically in caudal fin.'**
A discrete caudal spot reported at 22 mm TL, losing in-
tensity at 28 mm TL, no longer evident at 33 mm TL*
such a spot figured at 195 and 269 mm SL.! Fine
punctulation invading second dorsal and anal fins by 33
mm TL.2®

JUVENILES

About 44-200 mm SL.

Fins same as adult’ At 49 mm SL primary teeth 58 in
upper row, 45 in lower, increasing in number at Targer
sizes; * gill rakers increasing from ca. 32 at 59 mm SL to
48 at 117 mm SL. For morphometrics see Table g;
preanal length increasing more rapidly than postanal
length.1#

Caudal fin achieving its final form at ca. 110 mm FL; the
ciliate teeth becoming more embedded in the lip with
age; ** teeth on tongue completely covered with flesh by
end of stage; ! snout less curved after 42 mm TIL. than
before, the scaleless rostral band narrower; '*° ring of
adipose eyelid becoming elliptical with long axis vertical
by ca. 54 mun TL, the posterior lobe elongated and eye-
lid assuming its typical form by 60 mm TL;*® scales
changing suddenly from those of prejuvenile above 30
mm TL, circuli of the posterior (exposed) region becom-
ing complete and less densely packed than those of the
anterior region *+"'* (sec Fig. 31}.

Pigmentation: Generally like adult; lateral stripes in-
creasingly distinet from 44 to 60 mm SL.*°
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ca. 150 mm SL

Fig. 30. Mugil cephalus, Striped mullet. A. Juvenile, 82 mm SL. B. Juvenile, 118 mm SL. C. Juvenile, ca. 150
mm SL {no tern U.5). D. Juvenile, ca. 182 mm SL (Japan). {A, Kilby, J. D., 1949: pl. 1, fig. d. B, Ander-
son, W. W., 1958: fig. 11. C, Goode, G. B., 1884: pl. 179. D, Okada, Y., 1958-1960: fig. 106b.)



Fig. 3l. Mugil cephalus, Striped mullet. A. Prejuvenile, scale of
23 mm TL specimen, x 67.5. B. Juvenile, scale of 70 mm TL
specimen, x 26. (A, B, Pilay, T, V. R., 1851: fig. 3.}

GROWTH

Some evidence that prejuveniles in marine environment
grow little in winter, 2-3 mm per month in spring; 322¢
_winter growth depression or cessation in older stages
‘apparent generally; #2229 growth also depressed during
hot weather in Florida,®* Texas,'? India *’ and Egypt; **
‘a growth lag at attainment of sexual maturity.” Re-
ported growth rates vary widely with climate and other
factors 1719.28.51,41,87.00.002 “(selected references); growth of
-some body proportions shows allometry (see table 2),

“TaBLE 2. Gorn})arison of proportions (mean part dimension as a
percent of mean standard length) for Mugil cephalus
of varicus sizes.®™

; Parametar Prejuvenlles Juwenfies Adult males Adult females
- Sample size ap 46 2 s
Size tange (SL) 12.8-44 mm 48-188 mm 260379 mm  252-50B mm
- Head length 33.6% 27.3% 24.8% 24.19%
Snout tangth 7.8 8.1 47 46
:Eve diametar 9.5 8.1 6.3 8.0
“Interorbital widgh 13.7 12.9 13.0 13.0
‘Depth at firat doraml origin~ 27.7 27.3 234 218
Snout-vent length 70.6 6.5 67.7 8a.a
Firet pradorga 840 0.6 483 494
:First dorsal base {without
h Posteripr mambranse} 5.8 6.5 6.4 6.5
- First do.raal haight 12.8 15.4 13.7 3.2
;gecand predorgat 75.0 T® 73.6 74.1
- S2cond dorsal base 11.0 10.5 1048 0.8
b cong dorsal height 13.5 18.3 145 13.8
aanal (fin) 7.8 7.3 70.4 7t.6
A :!?am 1.2 12.3 12.1 1.8
L -]
: o 181 7.0 14,5 18.7
AGE AND SiZE AT MATURITY
Age cq. 1-7 years in males, 2-8 years in fe-

T ] F . o w . r “
Males; 94120.242.330" individual variation great; ** youngest

0 India o+ Egypt'** and probably West Africa,'® oldest
In Black Seq. i+ Size 200-355 mm SL.*¢ or males 230 "5~
.'th mm FL,% females 240 ***-614 mm FL;® not less
130 300 mm in Australia,?® Turkey *° or South Africa;
¢ exceptional female mature at 150 mm SL.2

CEBEASBRBE!
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Mugil curema Valenciennes, White mullet

ADULTS

D. IV-1, 7-9 {made 8}; *>*7 A. 11, 923+ (rarely III, 8 *°);
P. 15-18 (mode 17);*>* V. 1, 5;* C, 28-30 (7-8+7+T7-
8); 3¢ vertebrae 11+ 13% or 12+12; * lateral linc scales
37-39 (mode 33) * rarely to 35 ** or 45; ** transverse scale
rows 12,'%22 cheek scale rows 2; % gill arches 4 on each
side; gill rakers ca. 65; ** primary teeth 40-63 in upper
jaw, 74-115 in lower jaw; secondary teeth, 4-68 in upper
jaw (row sometimes absent or parfial); ' no teeth on
vomer or palatines; ** hypurals 4, 2 dorsal and 2 vengral.*

Head 24.3-27.8% of SL.*** Proportions as percent of
HL: Snout 16.7-23.0, eye 23.0-3L.7, interorbital 34.5-
41.7,** anal base 80, first dorsal spine $6. Last dorsal
spine less than half length of first dorsal spine.®

Body compressed, moderately elongate; ventra]l profile
more convex than dorsal profile; caudal peduncle rather
strongly eompressed.?”*" Head at eyes scarcely deeper
than broad; snout short; ?* interorbital slightly convex; *
preorbital  serrate’” Mouth moderate, subinferior,
oblique; the lower jaw included; ** upper lip thin; maxi}-

Fig. 32. Mugil cureme, White mullet. A, Adult, ca. 222 mm SL. B. Unfertilized eg,
C. Thirty-two cell stage, 2 hours after fertilization, diameter ca. 0.90 mm. D. Mo
Blastula, segmentation cavity forming, 8 hours post-fertilization, diameter eca. 0.90 mm in this and succeeding

emb:
ble, 18 hours
Rass, T. 8., 1972: pl. 4.)

nic stages. F. Gastrula, embryonic shield, 12 hours
post-fertilization, {A, Goode, G. B., 1884:

diameter ca. 0.82 mm.
diameter 0.88 mm. E.

t-fertilization. G. Blastopore closed, B somites visi-
. 179. B, €, EG, Anderson, W, W, 1057: fig. 2. D,



lary reaching below eye; ** gape wider than deep; -
primary jaw teeth moderate in size, simple; ** in a single
irregular labial row; *" secondary teeth also simple, in a
single, very irregular row well separated from the pri-
mary row; pharyngea] teeth similar to jaw teeth in ap-
pearance; '' gill openings wide; gill membranes free from
the isthmus; gill rakers numercus, slender, close-set.”!
An adipose eyelid, similar to that of M. cephalus, well
developed in adults. Scales rather large,* weakly cten-
oid ' but ctenii noticeable to touch (RHM), with cre-
nate, finely serrate, membranous edges.’”** Pectoral fins
above midline, in the majority of adults not quite ex-
tending to level of first dorsal origin; ** pelvic fins sub-
abdominal, inserted about midway between tip of snout
and anal fin origin; first dorsal fin origin about midway
hetween snout tip and caudal base; second dorsal fin
slightly behind anal fin origin; anal fin similar to second
dorsal in shape but longer; caudal moderately forked.
Second dorsal and anal fins densely and almost com-
pletely covered with fine scales, which extend also on
the caudal base, ?'.28.26.37.38

Pigmentation: Color above bluish,*** greenish *' or olive
with bluish reflections,®® silvery elsewhere; #:2531:9% lack-
mg the dusky streaks along the scale rows characteristic
of M. cephalus; **1-% opercle yellowish *'#! or golden,
the color diffuse; *» pelvic and anal fins pale; #2718
caudal fin yellowish at the base, pale centrally, with a
dusky =22391 or dark ®'7 margin; dorsal and pectoral fins
dusky; axil of pectoral bluish black,™* in south Texas
this patch lighter than same for M. cephalus (RHM);
periteneum jet black.*® A distinct bright gold or yellow
spot behind opercle of individuals between 18-320 mm
SL {at least). Lost after preservation. Gold pigment in
imis restricted to a spot above pupil. This usually remains
obvious in preserved fish (RHM).

Maximum size: Said to reach 914 mm,* but typical
sample maxima 355-360 mm SL in the Atlantic,*’*"**
385 mm SL in the Pacific.®® Adult size usually 200-260
mm §F, 22,27 .

DISTRIBUTION AND ECOLOGY

: Ra“.'-_i?.: Western Atlantic from Massachusetts $ and Ber-
Muda® 5 Santes, Brazil; ' eastern Pacific from the

Gulf of California to Iquique, Chile; * west coast of
: ﬁfri(-a_anzs

‘Area distribution: Adults rare even as far north as Beau-
°t, North Carolina,’* but immature individuals fairly
wntion along the mid-Atlantic coast north at least to
g Island; ©31.% reported in small numbers from

hesapeake Bay}l

:-:?al)iiﬁt‘ and movements: Adults—coastal waters gen-
Tally, including beaches, bays, lagoons, salt marshes,
Mangrove swamps and tidal rivers; prevalent in dirty
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water and over mud bottoms in the tropics and along
the Gulf coast, but also frequenting clear water over bot-
toms of sand, coral or stones; *™'7 sometimes encountered
in pelagic schools in open water near coasts; 7 entering
streams less frequently north of Florida.®tes

Temperatures reported for this species not correlated
with life history stage, samples at 195 C* or 180 C and
36 C* may include adults. Large M, curema reportedly
subject to selective cold kills in Alabama rivers.** Mini-
mum temperature for activity of “large” juveniles and
adults at 10-12.5 C in winter in south Texas.?

Salinity 0-50 ppt; salinity distribution more restricted in
non-tropical parts of the species range.r-4

Movements of all age groups suggested to be controlled
by temperature in Texas; ** winter movements and habi-
tat incompletely understoud, but numbers in estuarine
habitat decrease in colder months,*'® even in Florida.*"

Larvae—volk-sac stage floatng; * larvae less than 10 mm
SL all taken in surface nets from offshore marine waters,
off the southeastern U.S. from near the 37 m (20 fathom)
line to the axis of the Gulf Stream,*" ca. 90 km out over
1051 m depth in the Gulf of Mexico,' ca. 4.8 km from
shore near Bermuda® Temperature 20.7-29.0 C. Salin-
ity 34.0-36.3 ppt* Movements of larvae not studied ex-
tensively, probably controlled by prevailing currents
(GED). Occurrence reported in every month, peaking
in April-May; *'* winter records ™" possibly needing
additional verification {GED).

Prejuveniles-—pelagic, marine, moving inshore at 17-25
mm SL; ¥ usually reaching coastal areas at 23-25 mm
SL; ' an isolated record inside a Florida estuary at 11
mm TL; ‘¢ largest records offshore 36.5 mm FL° and
25 mm SL.* Adopting shallow water a few centimeters
deep along the edges of beaches, canals and lagoons; 3724
often remaining near inlets; * over mud bottoms in Mis-
sissippi and Florida **' but preferring sand-filled to
natural bottoms in New York*® Temperature 6.0+
35,0 C3* Salinity mot size correlated; at least one
prejuvenile at 0-8.7 ppt in North Carolina.*®

Movements consisting of migration from marine waters
to estuarines and lagoons; migration seasonal, in Florida
March-October, peaking in May; #1942 in North Caro-
lina,®* Mississippi "% and Texas*'* April-October,
peaking in June or July; in Long Island, New York, July-
September, peaking in July: ** in Puerto Rico year round,
peaking in July; * a separate, smaller influx between
August and October following the carly peak in some
areas; 2%2 a single December collection reported in
North Carolina."

Juveniles—habitat similar to that of juvenile M. cephalus,
but where the two species occur together M. curema less
common at hoth extremes of salinity and at low tem-
peratures; #1% locally abundant jn and near passes and
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inlets in Texas; »* entering rivers for long distances in
Florida,'* tidal parts of rivers in Alabama ** and North
Carolina; ** taken over mud bottoms in Mississippi ** and
Florida,”* much more common over sand-filled bottoms
than over natural bottoms in Long Island, New York®
Temperature 5.0 *-35 C* Salinity 0 2*-49 ppt.*

In Texas a size class modally 63-68 mm TL entering
bays along with prejuveniles starting about May, leav-
ing about October when temperatures drop.'? In North
and South Caroling second season fish uncommon, first
year juveniles leaving Octuober and November, %2843
From Maryland® to Long Island ** first year juveniles
commen in Scptember, seldom taken after Octoher, Fall
migration thought to be southward toward or to Florida
along Atlantic coast, this not documented.?'®

SPAWNING

Location: Only eyewitness report at surface over 37 m
of water off southern Florida.® Offshore elsewhere by
implication from larval occurrences.!

Season: Spawning seen on April 25;*% in south Florida
spent females first observed in April, last ripe females
in June, spawning peak estimated to occur in May; **
in Texas near ripe and ripe females predominant in
February-March, first spent females in April-May, few
ripe females available for capture from June to Septem-
ber, a second influx of spent females in October-
November; ¢ on combined evidence season considered
late March or early April to September with peak during
April, May and June? (a few larvae and prejuveniles
taken in winter 7).

Time: Observed at 2200-2315 hours.®

Temperature: Not reported for the observed spawning;
temperature rise above 20 C suggested to trigger spring
onset of spawning season.?

Salinity: Seawater, no detailed information.?

Fecundity: No information.

EGGS

Location: Pelagic * {presumably near or at surface, GED).

Unfertilized eggs: Diameter 0.77-0.86 mm (average 0.82
mm); oi] globule 0.27-0.32 mm {average 0.30 mm); yolk
appears as an unsegmented, o%aque mass with little, if
any, perivitelline space; oil globule pale yellow, located
at the top of the yolk mass; surface of chorion with a
finely scratched or etched appearance.”

Fertilized eggs: Water absorbed in first 2 hours with
development of a perivitelline space ranging from 0.04
to 0.12 mm wide, varying as development proceeds; yolk
unsegmented; oil globule single. Egg diameter 0.86~

0.92 mm {average 0.90 mm) after 2 hours. Oil globyle
0.27-0.32 mm (average 0.30 mm). Egg and oil globulk
diameters relatively invariant from this stage unt

hatching >
EGG DEVELOPMENT
Eggs examined at 2 hour intervals from fertilization t

hatching at 40 hours; temperature unspecified.
2 hours—32 Dblastomeres, perivitelline space devel

oped.
4 hours—morula well formed and berry-like in
appearance.

8 hours—segmentation cavity forming,

12 hours—embryonic shield well advanced.

16 hours—38 somites; blastopore closed; optic vesicles
defined; irregular lines of pigment spots on dorsal
surface, one on each side of the notochord from
behind head onto caudal trunk,

24 hours—tail free; lens vesicles present; 24 myo-
meres discernible; dorsal rows of melanophores
more closely sct, extending from just behind eyes
to level of junction between tail and yolk mass.

32 hours—finfold developed; tail free, about one
third body length; dorsal pigment rows still pres-
ent, also melanophores present on the lateral and
ventral aspects of the embryo.

4042 hours—hatching.?

YOLK-SAC LARVAE

Hatching length: 1.63~-1.76 mm TL {N=3). Size at enc
of stage: 2.49-2.68 mm TL.?

At hatching mouth and fins undeveloped; eyes unpig
mented; oil globule located in posterior half of the yok
sac.?

After 4 hours body longer, 1.74-2.15 mm TL (averg
1.89 mm TL, 11 specimens); yolk mass considerably
shrunken; finfold more developed and beginning to cor
strict in the caudal region. At 16 hours further lengf_]‘
increase, 2.30-2.47 mm TL (average 2.36 mm, 7 spect -
mens); yolk mass more reduced; finfold has reached
maximum development. At 32 hours length 2.49-28
mm TL (average 2.56 mm TL, 8 specimens); minute pe-
toral buds present; lab specimens dying rapidly: no fur
ther changes before last individual died at 45 hours. b
plankton tow material, a 256 mm TL individual had
eyes still unpigmented; undifferentiated mouth; reduced
yolk miass; oil globule shrunken somewhat but still pre -
ent; finfold more constricted in the region of the cau
peduncle. A second individual also 2.56 mm TL had 8-
distinct head; head and body anterior to the anus pofic® -
ably thickened; mouth and operculum developed: P&~
toral enlarged into a fleshy-based, fan-shaped fin witho! -
rays; yolk largely absorbed; oil globule stil visible.’
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2.15 mm TL

2.47 mm TL

Fig. 38. Mugil curema, White mullet. A. Lateral view of tail-free embryo, 24 somites present, 24 hours post-

fertilization. B. Top view of same emb

ryo. C. Late embryo, finfold present, 32 hours post-fertilization, D.

Yolk-sac larva recengg hatched, 1.76 mm TL. E. Yolk-sac larva, 4 hours after hatching, 2.15 mm TL. F. Yolk-

sac farva, 16 hours

Plg]mentation: At hatching dorsal and ventral rows of
m]f ‘anophores present, with a few scattered melano-
g ?lres on sides of head and body. Pigmentation essen-
{ aily the same after 4 hours {av. 1.89 mm TL), 16 hours
V. 2.38 mm TL) and 32 hours (av. 2.56 mm TL). Eyes
F’gmented in the 2.56 mm TL specimen with developed
nouth and Pectoral fins, otherwise pigmentation similar

ter hatching, 2.47 mm TL. (A-F, Andgrson, W. W., [957: figs. 2-5.]

to that of hatchlings.2

LARVAE

Specimens described 3.7 mm TL-7.0 mm SL {(ca. 8.8
mm TL)? Size at end of stage 7.0-7.2 mm SL (ca.
B.6-89 mm TL)."*
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'l*';‘: ¥ 7
ey

Fig. 34. Mugil curema, White mullet. A. Yolk-sac lerva, 256 mm TL. B. Yolk-sac larva, 2.56 mm TL. C.
Larva, 3.7 mm TL. D. Larva, 4.0 mm TL. E. Larva, 4.7 mm TL. (A-E, Anderson, W. W., I857: figs. 6-10.)



Caudal rays formed first, the 14 principal rays countable
at 4.7 mm TL; 23 rays at 5.3 mm TL; 25 or 28 at 8.6
mm TL (7.0 mm SL). Bases of first and second dorsal
fins evident at 4.7 mm TL; first dorsal with 4 spines,
second dorsal with 1 spine and 8 soft rays at 5.3 ;nm TL.
Anal bases evident at 4.7 mm TL; full complement of
12 elements countable at 5.3 mm TL. First pectoral rays
developed at about 5.3 mm TL (5-8 rays countable); in-
creasing to about 10 rays by 8.6 mm TL (7.0 mm SL}.
Pelvic buds developed by 4.0 mm TL; rays evident at

Fig. 35,
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56 mm TL (7.0 mm SL}* Flexion of the urostyle oc-
curring between 4.0 and 5.3 mm TL;? ossification of
hypurals and segmentation of the vertebral colummn
occurring after 6 mm SL;* finfold constricted in the
region of the caudal peduncle at 3.7 mm TL, gone from
between the median fins at 5.3 mm TL.?

Pigmentation: At 3.7 mm consisting essentially of pig-
ment spots along the dorsal and ventral aspects, wit
scattered melanophores on the head, sides of body, and
threat. Development beyond this stage a process of

il curema, White mullet. A. Larva, 5.3 mm TL, B. Larva, ca. 8.6 mm TL (7.0 mm SL). C. Pre-

M
juvenile, 141? mm SL. D. Prejuvenile, 25.5 mm SL. (4-D, Anderson, W. W, 1937: figs. 11-14.)
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intensification and spreading onto the head and sides of
the body. No pigment present on any of the fins during
stage.?

PREJUVENILES

Size range: Ca. 7.2-40 mm 5L {(8.5-50 mm TL). Speci-
mens described 7.2-27.2 mm SL.?

Meodal counts: D. IV, 1, 8; A, I}, 10, changing tc 111, 9
at end of stage; C. 29, principal rays 14, secondary rays
15; P. 15-17; V. 1, 5.° Number of elements established
by 7.2 mm SL.' Scale rows 38 longitudinal, 12 trans-
verse; ** primary teeth of upper jaw 12-15 at ca. 20 mm
SL, 30-35 at ca. 30 mm SL; primary teeth of lower jaw
none at ca. 20 mm SL, about 30 at ca. 30 mm SL:

secondary teeth undeveloped throughout stage.

Scales formed at 7.2 mm SL; ' prejuvenile scales distingt
in form from those of juveniles.** At 7.2 mm SL each
nostril pinching in midway along its length, becoming
a double nostril by 9.8 mm SL. Preorbital bone evident
at 9.8 mm SL, lacking serrations; subsequent wide vari-
ation in size and number of preorbital serrations.' Last
anal and soft dorsal rays branched by 14.5 mm SL; at
25 mm SL last 7 soft dorsal rays, last 9 anal rays and 12
principal caudal rays branched (1 dorsal ray branching
later). Forking of the candal fin begun by 14.5 mm SL:
Solt dorsal and anal fins without a covering of fine scales
at less than 30 mm SL.*

Pigmentation: At 145 mm SL so densely covered by

110 mm SL

1

Fig. 36. Mugil curema, White mullet, A. Juvenile, 50 mm SL. B. Juvenile, 78 mm SL. C. Juvenile, 110 mm
SL. (A, C, Anderson, W. W., 1957: figs. 15, 16. B, Poll, M., 1959: fig. 88.)
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Fig. 87. Mugil curema, White mullet. Development of caudal skeleton. A. Tail of 6 mm SL specimen, only
slightly ossified, x 36.6. B. Tai! of 10 mm 5L specimen, only partially ossified, x 26,8, C. Tail of 12 mm SL
specimen, still partially ossified, x 21.8. D. Tail of 70 mm SL specimen, fin ray bases represented by dotted lines,
representative of all larger sizes, x 4.4. (A.D, Hollistes, G., 1937: figs. 8-11.)

large and small pigment spots as to appear almost black
{this especially intense on the caudal peduncle); no pig-
ment present on any of the fins. At 25 mm SL pigmenta-
tion has decreased in intensity; specimens with a
peppered appearance, lighter pigmented areas appearing
on lower part of the head and belly, and a scattering of
pigment spots on the dorsal and caudal fins? At 37-39
mm TL coloxr very dark above, silvery elsewhere; gill
wvers brilliantly silvery, not translucent; caudal base
with a dark bar; snout and margins of lower jaw black;
Pﬁl\’if: and anal fins pale, other fins more or less dusky.”
Jacot's (1920} statement that the species lacks a definite
Sivery stage *'* may refer to the absence of a sharp
transition to dusky juvenile coloration such as he
described for M. cephalus (GED),

JUVENILES

Size ranges from 30-40 mm SL =" to ca. 166-174 mm
SL (1957205 mm FL).*" Specimens described 50-110
mi SL,

Fl‘ and scales same as adult.?** Primary teeth in upper
J;;: 21-30 at 29-57 mm SL, 24-36 at 68-103 mm SL, 28—
08 ‘f; 108-172 mm SL; primary teeth in lower jaw 2142,
o 1 and 41-73 respectively for same size ranges; upper
_‘emndary teeth 01, 740, and 11-80 for same ranges.>!

g a&‘d‘ﬂ fin aChl'eVing adult shape by 110.0 mm SL; all
S.na‘m‘ﬂ soft rays branched by 50 mm SL; final dorsal
rayg s cacbed between 50 and 110 mm SL; third anal
sk, Anging to a spine at beginning of stage; final anal
18P reached between 50 and 110 mm SL;? pectoral

tips often reaching level of first dorsal origin in juveniles,
unlike adults.** Scales exhibiting a sharp transition from
prejuvenile to juvenile patterns, subsequently remaining
distinctive from prejuveniles and all M. cephalus stages
in that circuli of posterior exposed region meet anterior
circuli at an angle. Few or none of the characteristic
small, covering scales on soft dorsal and anal fins before
80 mm SL.* By 50 mm SL tips of upper primary teeth
flattened and bent sharply inward.?

Pigmentation: At 50 mm SL pigment spots on belly so
reduced that it begins to appear white; pigment present
on anal fin. At 110 mm SL heavily pigmented on dorsal
surface above midlire, where intensity of color decreases
rapidly; lower third of body from head to caudal fin
silvery or white; head pigmentation largely on dorsal
surface but pigment patches present under eyes and on
opercles; all fins pigmented; in freshly preserved material
dorsum blue-black grading to silvery white belly.?

GROWTH

Estimated at 17 mm SL per month during first year;
stragglers spawned in fall could be expected to reach
ca. 70 mm SL by December. Nown-isometric patterns in
body progortions (eye diameter, body depth, head
length) affect mostly prejovenile size classes, growth
isometric after 30 mm SL.2

AGE AND SIZE AT MATURITY

May mature at one year of age.? No fish mature at 195
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mm FL (ca. 166 mm SL} in one study,*
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males may ma-

ture as small as 86 mm SL and females at 99 or 120
mm SL in Texas (RMHY}; 75% mature at 223 mm FL (ca.
192 mm SL}; all mature after 295 mmt FL {ca. 251 mm
5L).*" In a spawning school running ripe males averaged
189 mm SL, females 209 mm SL.*

—
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FAMILY ATHERINIDAE

This family is world-wide in distribution, consisting of about 39 genera and
more than 150 species. The majority of species are tropical. Most species are
small in size, schooling in habit, often very abundant Jvcally, and distributed
in close connection with the surface waters of coastal shorelines or secondarily
in freshwater (Jordan and Hubbs, 1919; Schultz, 1948). The temperate Atlantic
region of North America has three genera, Menidia, Membras and Labidesthes,
&el: latter confined strictly to freshwater and not included in the species accounts

ow.

Eges of the three genera mentioned are characterized by the presence of
one to several very long adhesive filaments, all attached in a small area of the
chorion surface, the number ranging from one in Labidesthes and one or a few
in Membras to many in various species of Menidia (Hubbs and Raney, 1948;
Wang, 1974}, Atherinid larvae arc generally recognizable to family by their
extreme slenderness coupled with the forward position of the anus; in yolksac
larvae the preanal length is seldom more than about one-fourth of the total
length.

gtSystematic opinion has varied on the level of relationship between Menidia
and Membras, but they are quite similar in appearance and habits. The mouth
is not produced into a heak as in Labidesthes. The large, deeply lacinate scales
of Membras, which are rough to the touch, provide the surest means of dis-
tinguishing adults of the two genera. Posterior margins of the scales are entire
and smooth in Menidia. In both genera the head is scaled, the mouth small
and oblique, 2 wide silver band extends on the sides from the pectoral fin inser-
tion to the caudal fin base, and the first dorsal fin origin is near or behind the
midpoint between snout tip and caudal fin base, but anterior to or over the
angl fin origin.

Literature on development and systematics of this family is inadequate and
scattered. Several of the primary sources used in preparing these accounts are
not generally available in published form. In particular, the doctoral thesis of
T. W. Robbins (1969) and an unpublished paper by C. A. Kolba {1972) are
based on large samples of all three species, and have been cited by others for
their contribution of descriptive, meristic and morphometric information.

Some of the terminology and counclusions of Robbins (1962) need intro-
ductory explanation. He recognized two lateral line series in these genera, in
addition to accessory series not considered here. He defined the more dorsal
of the two as the branchial lateral line, which contains pored or otherwise inner-
vated scales only anterior to the pectoral fin tip and on the posterior part of
the caudal peduncle. On the basis of nerve patterns this series was considered
to correspond to the lateral line of most teleosts. In these forms, h0we\_xer, a
more ventrally located postpectoral series contains a greater percentage of inner-
vated scales, the innervation being essentially complete in Menidia menidia
(Linnaeus), one of the three mid-Atlantic species. Since either series may have
been counted by earlier workers, both of Robbins’ counts are used helow. o

Robbins (1869) also concluded that the nomenclature of Membras martinica
(Valenciennes) should not be considered as stabilized until further study is made
of the types. Generic and specific designations of the species df_apenfi on the
real identity of these types, whose locality (Guadaloupe, West I_ndles_) is seIdEJm
listed in the range of the genus as now understcod. On the basis of information
given by Jordan and Hubbs (1919) and Schultz {1948), Robbins made sevex:a]
points not concurrent with the conclusions of Schultz and supported a premise
that the valid name for the species is probably Kirtlandia vagrans (Goode and
Bean). Subspecific distinction of Atlantic and Gulf coastal stocks was not sup-

89
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ported in Robbins’ conclusions, although his tables of regional meristic variation
show that reduced anal ray counts in the Gulf of Mexico are accompanied by
a slight increase in number of soft dorsal rays. This difference is reflected in
regional mean values computed from his data, weighting his means from each
specific locality by the sample size at that locality.

At the time of this writing, systematics of Menidia beryllina have been placed
in a state of some confusion by the findings of Johnson (1974, 1975). However,
it must be noted that this has had no direct effect on the taxonomy of the
mid-Atlantic form. In question are relationships of the nominal forms M. beryllina
(Cope), M. audens (Hay), M. peninsulae (Goode and Bean) and M. peninsulae
atrimentis Kendall, which has been called M. beryllina atrimentis Kendall by
Carr (1936). Hubbs and Raney (1946) suggested the existence of a beryllina
species complex involving these forms. Jordan and Hubbs (1919) followed
Nichols (1911) in considering M. audens a subspecies of M. beryllina. Although
specific validity of audens has been accepted b{ others before and since, and
peninsulae has been considered at most a berylling subspecies, including atri-
mentis, studies of Johnson support the earlier opinions of Nichols, Jordan, Hubbs
and Raney. In briet, Johnson's major points are: (1) in contrast to the morpho-
logical distinctiveness of asudens, mapping of diagnostic protein alleles re-
veals an isolated genetic unit identified as peninsulae, while audens and
“beryllina” arc genctically connected in Louisiana by morphological and bio-
chemically intermediate stocks, (2) the range of peninsulae is irom eastern Florida
to eastern Mexico along the coast, in high salinity waters, (3) in the same geo-
graphic range low salinity stocks, termed “Gulf berylling,” are genetically close
to both audens and Atlantic berylling, but somewhat more similar to audens
(1975, p. 673), Atlantic beryilina also being more similar to audens than to its
gulf counterpart (pp. 673, 685), (4) the hybridization with Menidia menidia re-
ported by Hubbs and Raney (1946) and Gosline (1948) involves the ecologically
stmilar peninsulae and does not involve low salinity genetic stocks in Florida.

Taken at face value, the above findings complicate preparation of a species
account for Atlantic M. beryllina in several ways. Developmental information
is available for atidens and contributes usefully if audens is to be regarded as a
beryllina subspecies. Clark Hubbs and Michael 8. Johnson (pers. comm.) both
agree that incorporation of this data, with the label “eudens,” is warranted. The
possibility that two non-interbreeding populations coexist along the coast from
eastern Florida to Mexico should be considered in interpretation of all data from
that region, and is acknowledged here by separation of such information with the
label “Gulf.” Except as labeled, data on M. beryilina are drawn from the Atlantic
coast from Massachusetts to Georgia.

The only systematic question raised in relation to Menidia menidia is
whether northern and southern subspecies are recognizable. Robbins (1969)
concurred with earlier workers that they are not. T%ﬁ figure for that species
illustrates the extremes of north-south variation, but Kendall (1902), Robbins
(1969) and recently Morgan and Ulanowicz (1976) have concurred that genetic
exchange and recombination exist throughout the range, and that mid-Atlantic
and particularly Chesapeake Bay forms are intergrades between the extremes.

Problems in interpreting the developmental data available for these species
are all related to the scarcity of good figures and the fragmentary nature of
existing accounts. Inconsistencies must ﬁmacknowledged when figures and
accounts by different authors are compared. Kuntz (1818), Kuntz and Radcliffe
{(1917) and Hildebrand (1922) may have all measured larvae only approximately,
or loosely used the term “recently hatched.” Alternatively, regional variation
may account for most of the length discrepancies. One stated length that must be
regarded as doubtful is Hildebrand’s (1922) fig. 94 (see fig. 51 E). Kolba (1972)
reported finding no Menidic menidia with scales at lengths of 161 mm SL
or less, and Rubinoff and Shaw (1980) could count anal rays in only about a
third of specimens ranging from 9 to 15 mm SL, so a length of 13 mm TL for
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a specimen that appears to be a young juvenile with fin rays and scales fully
formed is dubious, and the length of 10 mm TL applied 1o the same figure by
Hildebrand and Schroeder (1928) appears out of the question. The length of one
other figure {§g. 104) in the latter work was also misstated, and fig, 109 for
Menidia beryllina was reproduced in inverted position. Finally, the figures of
Wang (1974) for larval Menidia berylling are reproduced with some reservations;
even approximate myomere counts on the figures are too high for that species,
which should have a maximum count of about 33 myomeres.

g1
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Membras martinica (Valenciennes), Rough silverside

ADULTS

D. Il to VII (mode IV)-], 6-9 2% {(Atlantic coast x 7.23,
Gulf coast X 7.537); ® A. I, 15-23 ** (Chesapeake Bay X
19.87, Atlantic coast X 19.27, Gulf coast x 17.453,% com-
posite X 18.61, composite N=726); C. 17 principal rays **
{T-8+0+4+8+4810);* P. 11%15°% {mode 13} ** V. [,
5; 2% branchial lateral line scales 42-50 (usually 45-47),
0-14 innervated; postpectoral lateral line scales 3845
{(usually 40-43), 31-39 in innervated series; predorsal
scales 20-26; ® vertebrae 4044 (usually 42-43),%* 18-20
precaudal plus 23-25 caudal; "% jaw teeth numerous;
gills 4; ** branchiostegals 6.2

Proportions as percent of SL (N==39,* 84 ). head 20.9-
22.9 (x 21.9); 2 snout 5.1-7.3 (x 6.1,7 6.4 2); eye 5.7°-7.6°
(X 8.7 *%); interorbital 6.7-7.9 (x 7.2); depth at origin of
first dorsal 16.2-18.18 (¥ 17.5); ? predorsal 56-63* (X
59.4 2"); preanal 57.8:-66°% (x 60.7.* 62.0%); prepectoral
21.0-23.6 (x 22.3); pectoral length 18.6-23.9¢ (x 21.0 =%)
pelvic length 9.2-11.8 (x 10.1).*

Body elongate, compressed slightly, depressed dorsally,
rounded dorsolaterally, belly compressed, almost keel-
like; ®* caudal peduncle rather strongly compressed,®
rounded dorsolaterally and ventrolaterally, shorter than
pectoral fins; dorsal profile sloping graduwally upward
from snout tip to occiput, almost horizontal to second
dorsal origin, sloping gradually downward to caudal
base; ventral profile convex from mandibular articulation
to pelvic origin, horizontal to anal origin, sloping mod-
erately upward to caudal base* Head depressed above,
compressed below; snout pointed; *° orbits widely spaced,
interorbita] width greater than eye diameter; eyes mod-
erate in size; head truncate in dorsal view, snout usually
blunter in males than females but not diagnostically so
as in Menidia; spout rugose with sensory pits inter-
spersed among skin folds,® four bell-shaped glandular
depressions between the nares.™* Mouth very oblique,*
small, maxillary ending at a point midway between
snout tip and eye, its posterior end completely sheathed
under lachrymal; gape moderately arched; jaws equal an-
teriorly; lower jaw narrow * ineluded,” not meeting upper
jaw lateraily; rami of mandibles enlarged and bluntly
triangular; mandibular articulation entering sharply in
ventral profile of head; premaxillaries extremely pro-
tractile, their ascending processes narrow and spine-like;
premaxillary and dentary toothed; jaw teeth small,
pointed, in poorly defined bands or cardiform patches,®
outer series somewhat enlarged; * mandibular teeth not
extending on lateral edge of lower jaw.® Gill membranes
separate, free from isthmus,*® pseudobranchise present.*®
Scales large, thick, strongly embedded and arranged in
clearly defined rows, their posterior edges lacinate, deep-

ly so in adults and most strongly on dorsum,” distinctly
rough to the touch; * circuli poorly developed on ex
posed fields; ** apical radii obsolete.”* Innervation of
branchial and postpectoral lateral lines discontinuous
and poorly defined.® First dorsal fin very small,™ it
origin over the anus and much closer to caudal fin bage
than to snout tip; all dorsal spines except the first about
the same length, the first shorter; second dorsal origin
over the ninth or tenth anal ray, its base over the
posterior half of the anal fin, the two fins neazly coter
minal; caudal fin moderately forked; ** anal fin somewhat
falcate; pectoral fins long, extending to or past the pelvic
fin insertion,” pointed, their upper rays longest; ** pelvic
fins short.*:¢ Second dorsal and anal fins sheathed at
bases with ovately shaped scales; ®**** axillary scales
well developed,® pelvic fin bases with an enlarged scale
between them and one on either side.® Air bladde
rounded posteriorly, reaching a point between anus aud
the anal fin origin

Pigmentation: Clear, translucent gréenish above,® gl
very on lower sides and belly,*® sides with a wide silver
band (stole} from dorsal insertion of pectoral fin t
caudal fin base, its width uniform except for a slighth
narrowed portion below the posterior end of the second
dorsal fin base; ® stole bounded above by a dark line”
only dark pigmentation below stole along the base of the
anal fin and light spotting ventrally on caudal peduncle:
scale pockets above stole not outlined with melanophores,
instead pigment concentrated near scale centers” ap
pearing in dorsal view as rows of black spots 2% or streaks
from nape to caudal fin; ® occipital region often Fsluish
or dusky; 2* snout dusky from tip to posterior edge o
four glandular depressions, except pigment lacking 0
membranous area between premaxillary processes,® this
area yellowish in life; ** intermandibular pigment vari-
able, usually restricted to scattered melanophores on
anterior portion; dorsal fin rays lightly spotted to fo
tip,* caudal yellowish with a dusky edge,® caudal raw
punctuated with evenly distributed melanophores; an!
fin clear except for a concentration of melanophores at
the base; upper five or six pectoral rays lightly spotted
for about half their length; pelvic fins clear.®

Maximum size: 113 mm SL (Mississippi); ** larges
Maryland specimen about 102 mm TL.

DISTRIBUTION AND ECOLOGY

Range: Atlantic and Gulf coasts from Great Peconic Ba¥
New York ?* to Rio Panuco, Mexico,* and the type ]”;
cality Martinique (known there only from the typest’

Area distribution: From numerous localities in the ared



seldom collected consistently in spite of its wide distribu-
tion; * common in southern Chesapeake Bay, rare in the
northern sections; entering streams, but less commonly
than Menidia menidig; * adults in summer reported
from the eastern halves of two Maryland seaside bays.’

Habitat and movements: Adults—in open * and shal-
low B2#25.%3 water; not a marsh species, usually along
exposed shorelines '*** and heaches +*¢ with little vege-
tation * over bottoms composed of sand,**" gravel ™
shell or firm mud.® Salinity range from freshwater ‘22
to about 37 ppt *** (1 specimen at 40.3 ppt *°), more
often at higher salinities than Menidia.*'* Temperature
range 9.4 % to 34.9 € *** (365 C in a thermal discharge
area *). Usually schooling near the surface **' from shal-
low flats ©*2*** to water 36 m deep.”** Upstream oc-

Morula stage. F. E erm
1974: 143. "C-F, Kuniz, A., 1916: figs. $2-35.)

Atherinidae—silversides 93

currences concentrated in summer and early fall; 71z20.3

evidence of an offshore exodus with onset of lower tem-

peratures; * rare or absent in bay and beach collections

in January and February,®*142+** while schooling adults
- - +

taken at surface a short distance offshore in fall and

winter.?

Larvae—little information, probably not separated from
Menidia larvae in earlier studies; taken from surface to
bottom in Chesapeake and Delaware Canal.#

Juveniles—habitat not differentiated from that of adults
in most reports; all fish of this species at lowest salinities
were small; ¢ salinity range 0-15 ppt’’ 13-28 ppt;*°
temperature range 14327 C; " swimming in large
schools near the surface.?®

1
1
L}
Il
’
H
[}
i
1l
f

E Fig. 38. Membras martinica, Rough silverside. A. Adult, length unstated. Scale lacinations not indicated in
; . B. lagrammatic), only b of filaments shown. C. Egg, 2-cell stage. D. Egg, 4-cell stage. E.
gure. B.Kgg (diagr “.“°}'smgz (;‘:ffy gastruls). (A, Jordan, D. 5., 1905: fig. 171. B, Wang, J. C. S,
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SPAWNING

Location: Just outside the breaker zone on sandy beaches
{TWR).

Season: Ripe May to late July or early August in Chesa-
peake Bay and North Carolina,'™*'*%.#7 symall young
present June to August®® or September; ' ripe on the
Gulf coast between March and August ®'+'"2¢ or Sep-
tember,* a lul! in ripening between May and July,*®
bimodality of juvenile size distribution tending to
confirm this (GED).

Temperature: Ripe in range 21.2-30.7 C. 2«

Salinity: Ripe in range 9.4-31.1 ppt; '**' spawning a
5__25 PPt_ﬂ

Fecundity: No information.

EGGS

Location: Demersal; adhering together in clusters,
carried inshore to intertidal zone in large clusters '
wave action (TWR).

Unfertilized eggs: Spherical, slightly yellowish, aimost
transparent; micropyle relatively small.*”

E

3.3 mm TL

Fig. 39. Membras mortinica, Rough silverside. A. Neurel crest stage {late gastrula). B. Embryo, optic vesicles
formed, somites forming. C, 40-hour embryo, note oil droplets have coalesced. D. Egg just before hatching. E.
Yolk-sac larva, 3.3 mm TL. {A-D, Kuntz,  A.. 1916: figs. 36-39. E, Wang, J. C. 8., 1974: 146, rephotographed,
with permission, from an original drawing by R. Lynn Moran))
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Fig. 40, Membras martinica, Rough silverside. A. Yolk-sac larva, 3.8 mm TL. B. Dorsal view of same. C. Yolk-
sac larva, § mm TL. D. Larva, 7.3 mm SL. E. Dorsal view of same, (A, B, Wang, J. C. 8., 1074: 146, re-
photographed, with permission, from an original drawing by R. Lynn Moran. C, Kuniz, A, 1916 fig. 40. D, E,

Kolba, C., 1972; figs. 4A—4B.)

g‘_:&;fgmd eg2§5: Shape and color as above; egg diameter
and o mm,* 0.8-1.0 mm, 8-15 oil globules of unequal
_'“e_‘_c_mal}'mg size at the upper pole in early stages of
“small tf:l?tent; 4 nartrow perivitelline space present; >’ a
from g of 1-3% enlarged, adhesive filaments arising

© chorion which serve as an attachment mech-

aNisyy; 2029
of Moms .ﬁ ents coarser and less numerous than those
: 1 enldla species.gl

EGG DEVELOPMENT

Cleavage meroblastic, equal; second cleavage at right
angles to first.”?

Early development in laboratory somewhat more rapid
than that of Cyprinodon variegatus at similar (also un-
specified) temperatures; tail bud stage with established
b]l)(fod circulation reached in 40 hours; oil globules indi-
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cated to gradually coalesce into a single larger globule
by this stage; and a few melanophores evident posterior
to eye and ventral to auditory capsule. In the embryo
figured shortly before hatching the only melanophores
shown are a few on the dorsal aspect of the head.””

Incubation time: 6-7 days at unspecified (summer)
laboratory temperature; unspecified salinity.*’

YOLK-SAC LARVAE

Hatching length: 3.0*-5.0 mm TL.>

At hatching body slender; snout to vent length close to
one-fourth of total length; oil globule shown at anterior
end of volk sac; finfold originating just posterior to the
head; dorsal and ventral finfolds continuous; greatest
depth of neither portion of finfold exceeding half of
body depth at the vent; “* finfold shown as somewhat
constricted posteriorly.?’

Pigmentation: Highly transparent; ** one large and a fex
small melanophores on head; ** a line of pigment spot:
along the base of the ventral finfold; ** a dark patct
figured on the ventral swiace of yolk sac and a sug
gestion of dark pigment along the dorsal side of the
developing gut; ** at 5 mm TL ventral dark patc
indicated as breaking up.*”

LARVAE

Specimens described 7 mm TI~11.6 mm SL or 13 mn
TL. Size at end of stage not established, but befor
20 mm TL.#

At 7.3 mm SL (ca. 7.9 mm TL) soft dorsal, anal and
principal caudal rays shown as differentiating pectors
rays not indicated, pelvies absent or represented as small
buds; urostyle flexion nearly complete.? At 9 mm TL
body still relatively slender; procurrent caundal rays and

11 mm TL

o B B8RP LT vy
o S et b el
- absfrss

23,1 om SL

Fig. 41. Membras martinice, Rough silverside. A. lLarva, 9 mm TL. B. Larva, 11 mm TL, C Dorsal view of
larva, 11.8 mm SL. D. Putative juvenile, 23.1 mm SL. dorsal view of head. (A, B, Kuntz, A, I816: figs. 41~

42, C-F, Kolba, C., 1972; figs. 4C—4D.)



first dorsal and pelvie fins still undeveloped. At 11 mm
TL procurrent caudal rays differentiated; rays of soft
dorsal and anal fins appearing well ossified; first dorsal
and pelvic fins still undifferentiated; anus shifting back-
ward, preanal length about one-third of total length.2®
At 11.6 mm SL pectoral rays appearing well ossified in
dorsal view,?

Pigmentation: At @ mm TL a few spots on the dorsal
aspect of the head, and a dark longitudinal line along
the side of the body; the silvery character not yet ap-
parent. At 11 mm TL the sides becoming distinctly
silvery, but the pale green on the back, characteristic of
the species, not yet apparent.?” Dorsal surface melano-
phoxes, like those of juvelines and adults, arranged in
one row down the mid-dorsal line, although in small
larvae the row not extending the whole length of the fish.
Pigment spots at the base of the anal rays but very rarely
found lateral to the anal fin (as in Menidia).?

JUYENILES
From less than 20 mm TL * to 50-83 mm SL.>%®

The smallest individual observed to possess scales mea-
sured 141 mm SL (possibly a larva, GED), in it the
diagnostic anterior projection appeared as a gradual arc; ?
in individuals 1430 mm SL scales similar to adults ex-
cept posterior margins less lacinate; ¥ the greatest de-
velopmental change in the lateral line occurring between
30 and 40 mm SL.*#

Pigmentation: Basically similar to adults (GED); the
_C‘haracteristic mid-dorsal row of melanophores very prom-
Inent in juveniles less than 30 mm SL.?

f

A B
Fig, 49, Membras martinica, Rough silverside. A. Scale from

f)?eiiallsf_;“i_}pe of juvenile 23.1 mm SL. B. Scale from lateral stripe
BOWtT7.8 mm SL. (A, B, Kolba, C., 1972: figs. 1C-1D.}

GROWTH

?rggressign of modes in length-frequency distribution *'¢
Ddieate prowth of ca. 9 mm per month for Gulf coast

Iwveniles in summer, 4
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AGE AND SIZE AT MATURITY

No definitive information on age, a size class averaging
43 mm in June and reaching reproductive size ranges
in July were assumed to have been spawned the previous
year '* but may have been spawned in March of the
same year ' making them 4 months old in July. Adult
siz¢. 50 mm SLY 63 mm SL;* gonads immature in
individuals less than 49 mm TL.**
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Menidia beryllina (Cope), Tidewater silverside

ADULTS

(Atlantic coast form) . IV to VI (mode V}-I, 7-11 (X
9.53); AL I, 13-20 =%+ (X 16.59 *); C. 17 (9 + 8} prin-
cipal rays; ** P, 12-14 (mode 12-13); * V. I, 5; ' branchial
lateral line scales 353-43¢41¢ (x 38.78), 4-12 innervated,
postpectoral lateral line scales 31-39 (x 35.28), 26-34 in-
nervated; predorsal scales 11-18 (mode 16); caudal pe-
duncle scales 10-14 {mode 12};'* vertebrae 37-40,>%3?
17-19 abdominal plus 19-21 caudal (modes 18+ 20);*
jaw teeth numerous; no teeth on vomer or palatines; gills
4.4 M. beryllina complex (see Introduction): D. H to
VIH-I, 7-11; A, I, 13-22; P. 11-16; lateral line scales
35-48; postpectoral lateral line scales 28-37; predorsal
scales 11-24; caudal peduncle scales 28-37; vertebrae
364111

Proportions as percent of SL (for Atlantic coast form):
Head 23.4-27.4 (x 25.0); snout 6.3-8.5 (x 7.4); eye 7.2-9.9
(x 8.4); interorbital 6.0-8.0 (X 6.9); * greatest depth 15 -
20 % {x ca. 16.4); predorsal 45.2-55.3 (x 51.5); #%% preanal
54,7-64.3 {x 59.8); prepectoral 22.9-26.5 (x 24.8}; pectoral
length 18.5-22.0 (x 19.1); * pelvie length 9.9-21.0 (x 13.0)
(includes Gulf).** M. beryllina complex: Snout 6-9; eye
6-10; predorsal 45-59; preanal 53-65; pectoral length 16—
21.#1* Weighted means for various nominal populations:
Atlantic berylline head 23.2.23.8.* predorsal 515, pre-
anal 59.6; * Gulf beryllina head 23.4,° predorsal 53.4, pre-
anal 59.0; " peninsulae head 25.3; ® predorsal 53.3; preanal
60.5;  audens head 23.8; * predorsal 51.8; preanal 56.4.

Body slender,’* elongate,”® moderately compressed,
slightly depressed dorsally, rounded dorsolaterally; Hanks
moderately rounded, not slabsided; belly rounded;
caudal peduncle rather long,'* evenly rounded; dorsal
profile rising gradually to first dorsal origin, flat between
dorsal origins, declining sharply along second dorsal
base, more gradually posteriorly; ventral profile convex
anteriorly, nearly horizontal from pelvic origin to anal
origin, rising sharply along anal base, more gradually
posteriorly. Head somewhat depressed above, narrower
below; ¢ snout moderately long, blunt to moderately
pointed in dorsal and lateral profile (blunter in males);
eye large.* Mouth rather small, terminal,*® oblique;
jaws usually equal; ** premaxilla protractile; maxillary
not reaching eye; ** teeth small, pointed,’® retrorse, in
two rows which are distinct anteriorly, less so on poste-
rior third of upper and lower jaws, inner row with slight
inward curvature, outer row more anteriorly projected; '
gill membranes free from isthmus; ** pseudobranchiae
present.’® Scales cycloid; shield-shaped on caudal pe-
duncle, rounded elsewhere; ** posterior exposed edges
smooth, anterior edges scalloped; * circuli usually well
developed on all fields; radii best developed on candal

peduncle, less well more anteriorly; anterior scales higher
than fong, tending to become of equal height and length
toward the caudal peduncle, Postpectoral lateral line
usually complete, some scales occasionally lacking pores
or external neurcmasts. Origin of first dorsal fin usually
closer to caudal base than to top of snout but well in ad-
vance of anal origin; origin of second dorsal fin over
seventh to ninth anal ray; anal fin faleate, short* is
base equal to or slightly longer than head; caudal moder-
ately forked; ** pectoral fins moderate in length, pointed:
pelvic fins proportionately long, abdominal, inserted mid-
way between dorsal pectoral fin insertion and origin of
anal fin.* Scales extending somewhat on caudal fin base
but not on base of soft dorsal or anal fins.’* Posterior
end of swim bladder extends past anal origin to at least
the third anal ray (to sixth or eighth ray in audens).>""

Pigmentation: Translucent and waxy in appearance {be-
coming straw colored and opaque in preservation); * pale
greenish ** (berylling less green than peninsulae ), head
and lower parts silvery; sides with a well defined silver
band narrower than half the eye, bounded above by a
thin dark line; % a dusky mid-dorsal streak, one also mid-
ventrally on caudal peduncle; a splotch of dark pigment
before anal fin origin ** and a dusky streak along base of
anal fin; * most scale pockets outlined with light to heavy
spotting, increasing toward dorsum; snout dusky
covered generally with small melanophores, these con-
centrated around anterior nares and on dorsal fleshy part
of snout; ' chin dark; ® opercle may be lightly spotted:
light spotting along edges of spines and rays extending
to fin tip on pectorals and both dorsal fins, heavy along
caudal fin rays, absent or very light on pelvic fins, con
centrated between anal rays at base of fin, usually er
tending along rays to tip of fin but absent along posteriol
edges of rays when not extending to tip.**

Maximum size: 81 mm FL (Delaware),” 105 mm FL
{North Carolina); *' females usually less than 72 mm SL.
males less than 65 mm SL;* 125 mm TL ** (Gulf: 150
mm (TL?)** (audens), probably maximum for M
beryllina complex (GED).

DISTRIBUTION AND ECOLOGY

Range: Massachusetts to South Carolina * and Georgit
{see Introduction), distributed from the coast almost ¥
the fall line of coastal creeks and rivers2# M
beryllina complex: Quincy, Massachusetts to Vera Cro%
Mexico; 27 to above Laredo, Texas in Rio Grandt
River (Gulf); ** Mississippi Valley to Reelfoot Lake T&"
nessee, and Red and Arkansas River drainages in Okl
homa {audens); 21* introduced in several central 7es#



impoundments {Gulf) ** and in California (gudens).*

Area distribution: Throughout the Mid-Atlantic Bight

in rivers below the fall line, estuaries and upper
bavs'ﬁ.li,lﬁ.29,80,43.54

Habitat and movements: Adults—tidal river channels,
seldom taken in coves; ** generally not an open beach
form; * more common over sand and gravel bottoms
than over mud * but showing little preference in regard
to bottom characteristics; 2% particularly abundant in
the vicinity of submerged vegetation.” Gulf popula-

A Adult
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tiens ** and audens ** more common over sand than hard
or soft bottoms; usually associated with some sort of
shelter such as islands, piers, oyster bars or pools con-
taining rubbish; * in a Florida lake more often associated
with pondweed {Gulf}; ** most abundant over gradually
sloping bottoms (audens); 2 classified as a lower stream
and lake form (eudens).*

More commonly in brackish than salt water; ascending
streams into strictly freshwater,''® up to 72 km above
the fresh-brackish interface in Virginia, more abundant

Fig. 43, Menidia b

of flaments shown. C. Egg, 2-cell stage.

D. Egg, morula stage. E. Advanced em!

llina, Tidewater silverside. A. Adult, ca. 64 mm SL. B. Egg {disgrammatic), only bases

ryo, 2 1/2 days after fertili-

zation, (A, Kendall, W. C., 1902: 260. B, Wang, ]. C. §., 1974: 143. C-E, Hildebrand, 8. F., 1932: Rgs. 95-97.)
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above than below the interface; ** salinity range 0-22.3
ppt (North Carolina},* 0 *-29 ppt (Delaware),*” seldom
above 26 ppt from June to September (Maryland)." On
Gulf coast wide salinity tolerance (0-75 ppt) *>* and
some bimodality of salinity distribution *"'**¢ may reflect
presence of two species.* Temperature range 2.9 72-32.5
C.*® Gulf range 8.0 '*-340 C* (39 C in a thermal dis-
charge population *} or minimum 5.0-8.9 C, maximum
30.0-34.9 C; =" ahgent at 353.0 C from one station
frequented at lower temperatures (Gulf)."*

The species seldom taken in deep water; *® in compari-
son of seine versus surface trawl catches 97% taken in
seine (67% of M. menidia from seine in same study}.®
Ali sizes found in top 30-43 cm of the water column
(Gulf); ** seldom deeper than 2 m {audens).***®

Little information available on movements, suggested to
winter in deeper parts of the bays,* but present at up-
river stations in Neuse River, North Carolina every
month, absent from downriver stations in winter.?* Some
evidence of winter movement away from shallow, low
salinity stations in a Louisiana bay ** and from smaller
streams in Alabama {(Gulf).*

Larvae—forming large schools in vegetated shallows of
fresh and brackish waters,”® habitat descriptions essen-
tially the same for all size classes.”** Salinity range 0-
15 ppt, larval concentrations 2-8 ppt. Temperature range
12~-30 C, concentrations 23-28 C. Most common in
surface waters.*®

Little evidence concerning larval movements; not col-
lected with M. menidia larvae in tidal currents of Massa-
chusetts bays, postulated to lack planktonic dispersal
capability of that species at 4-8 mm TL,"”” but small
numbers reported from surface, midwater, and bottom
plankton tows in the Chesapeake and Delaware Canal.®®

Juveniles—habitat not described as different from that
of adults; adult and juvenile schools abundant in shallow
water.®® Salinity range 0-15 ppt, concentrated at 2-8

t.** A discrete size class of juveniles at Tampa Bay,
Florida (Gulf), apparently spawned in early spring,
moved in July from lower salinity bayou stations to
higher salinity stations in the bay, while a group
spawned later remained in the bayou® Temperature
1.8-32.0 C,** concentrated in range 21-29 G; ** ca. 3.0 **-
33.5 C (Gulf).”® Depth and movements probably similar
to adults (GED).

SPAWNING

Location: In shallows with abundant dead leaves, tree
roots ¢ and vegetation; ® primarily in tidal freshwater
or brackish water; * in upper, middle and lower parts of
Potomac estuary,” mainly in upper parts of shorter estu-
aries (based on larval distribution).*>** Rooted aquatic
plants at depth of 2-15 cm apparently preferred,
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maximum depth 90 em (cudens).”

Season: Eggs reported mid-May through August in Dela.
ware,”™ Potomac River > and Chesapeake and Dels-
ware Canal; ™ ripe or pearly ripe adults most of June
and July at Woods Hole, Massachusetts,” 10 April 1
18 September in Chesapeake Bay,'" March to Septembe;
in North Carclina; * young {larvae and small juveniles)
June ta October with July peak in Delaware,*™>® June
through November in Chesapeake Bay ** and North Car-
olina.** Gulf records include breeding adults in March
April ¢ and July,* ripe adults »**7 and larvae ** in ever
month, some evidence from juvenile size distributions of
discrete spawning pulscs, one in early spring, another in
late spring or early summer, and a third in the
falj; #10as1n202 gudens spawning late March or early
April through mid-July in Oklahoma, females can
produce egg clutches at 6-day intervals.?

Time of day: Mid-morning {audens).™

Temperature: 18-30 C*¥ Spawning (Gulf) observed at
26 C; * ripe females {Gulf) at 19-32.7 C; 1*:**° gudens
spawning observed at 20 C; ™ its spawning (based on
egg tolerances) would be reasonably successful in range
17-34 C#=

Salinity: Spawning primarily in tidal freshwater.**%

Fecundity: No information except for audens, 984 eggs
average per female (range 384-1699),* may spawn this
many at weekly intervals for several weeks.?

EGGS

Location: Demersal; ** adhering to objects on or nea
bottom; reported substrates including algal filv
ments,'*43%  gther vegetation,'** debris 4* and the
concrete bottom of a spillway sluice.™

Fertilized eggs: Not quite spherical when first spawned,
some eggs that develop normally remain slightly imegs-
lar in shape throughout development (GEDY); transpa:
ent, slightly greenish® or yellowish; % 1 to 3 large ol
globules of varying size and a few to several snaller
omes; “**“ perivitelline space greatest at pole of gemw®
disc, narrowest opposite this point; * chorion with = tuf!
of 4°-97 adhesive filaments, one filament enlarged and
much longer than the others,’ ¢ enlarged filament arising
among the others or slightly separated,** its length abow
30 to 50 mm (much longer than figures shown), the me?
surements inexact because of considerable elasticity; ¥

of filaments coiled around egg ™ and nonadbesive whel
eggs artificially stripped, unc%i%ed and becoming adhest”
a few minutes after fertilization (GED); filaments «f i
transparent, opaque while uncoiling, later transpare?
again. Egg diameter less than 6.75 mm (North Car”
lina),) 0.9-1.0 mm (Massachusetts); * audens 0.9 70
(Oldahoma).+?



£GG DEVELOPMENT

Cleavage meroblastic, equal; second cleavage at right
angles to first.’

Development not significantly different from that of M.
menidia.! The following notes on development and em-
bryonic pigmentation from an artificial cross made in the
* field at Solomons, Manvland, 5 May 1976, development
temperature 21.0-22.0 C, examined only at times noted
(GED}:

Juys Hours (to nearest 0.5 hour)

3.0 Between first and second cleavage.

165  Early blastula.

21.0  Late blastula.

0 Embryonic shield; no pigment.

18.5 Heart formed and beating; melanophores
and leucophores present on yolk and
hody.

Lens vesicles formed, melanophores on
medial surface of optic vesicles, on
floor of braincase, at posterior junction
of trunk and yolk sac, a few scattered
on ventral half of caudal trunk, and ca.
60 large dendritic ones on surface of
yolk sac, more dense dorsally.

Eye pigment beginning as a lght gray
shading; pigment little changed other-
wise.

Eyes pigmented, color brown; other pig-
ment littde changed.

Eves rust brown; granular Jeucophores
on braincase floor, behind retinas and
scattered through flesh of trunk; 3-4
melanophores along furrow between
yolk sac and trunk; some still clustered
at posterior end of this furrow.

Eyes silver; granular leucophores chus-
tered around optic nerves, pectoral
girdle and region of anus, a few still
scattered in ventral half of caudal
trunk; melanophores unchanged.

Leucophores have become dendritic,
same distribution as before; a few
melanophores (2-5) have appeared on
posterior dorsum of brain.

First hatching, Head melanophores (3-8}
dendritic on unhatched embryos {con-
tracted in hatchlings); unhatched em-
bryos with a single oil globule; clusters
of Teucophores still in pectoral and anal
regions but also on surface of caudal
trunk; melanophores distributed fairly
evenly over yolk sac surface and in a
patch over coelomic IB%J;OH between
pectoral and anal leucophore clusters.

LR a R e R
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16 235
12 2.5

About half of eggs hatched.
All hatched except a few obviously de-
formed (these did not hatch!.

Incubation time: Hatching days 10, 11 and 12 at 21-22 C
(GED), 12 days at 22-29 C (Maryland); * days 8, 9 and
10 at 25.6-27.8 C (North Carolina); ® days 5 and 6 at 29
C,*" 6 days at 27 C=0.5 C (Gulf, Texas); ** from 4 days
at 34 C to 30 days at 13 C (gudens, Oklahoma).** Tem-
perature limits available only for audens, 13.2-342 C
with equivalent percentage survival between 17.0 and
33.5 C, tolerating one day of stress at 349 or 129 C; #
tolerance influerced by thermal history of mother, chang-
ing limiting temperatures by a maximum of 1-2 C; fe-
males at 31 C for more than 24 hours produced only
mviable egps (Okdahoma).**

Salinity effects available only for audens, did not survive
at 100% seawater; lower concentrations affected tempera-
ture limits: normal range of 17-33 C at 252 seawater, 19-
33 C at 50% seawater, and only 22-31.3 C at 75% seawater
{Oklahoma).*

YOLK-SAC LARVAE

Hatching length: Ca. 3.5 4.0 mm TL.** Size at end of
stage ca. 4.5 nm TL. Yolk depletion and starvation after
34 days at 22 C {GED). Duragon of stage in audens
3-4 days at 30 C, 2-3 days at 15 C, starvation without
hatching below 13.2 C, suggesting that hatching time
somewhat more temperature labile than yolk depletion
yate.®®

At batching volk sac oval; oil globule single, located in
anterior end of volk sac (GED); body elongate, slender;
gut extremely short, anus about 1/4 of way from tip of
snout to rear of cauda)l finfold.*

Pigmentation: Highly transparent; '* 3-11 small melano-

hores over brain on head,* these contracting into round
dots at hatching (dendritic in embryos}; no other dorsal
melanophores; a cluster of melanophores above gut and
dorsal surface of yolk; black pigment in a line along
ventral base of finfold from anus to tip of urostyle;
dendritic lencophores scattered over body surface; oil
globule pale yellow; eyes silver with black and gold
highlights (GED).

LARVAE.

Specimens described 4.7 to ca. 12 mm TL. Size at end of
stage not established but before 20 mm TL,* probably
ca. 14 mm TL (GED). At 4.7 mm TL appearance similar
to yolk-sac larva.**

At 7.8 mm TL pectoral fins more pointed; finfold reduced
in width between median fins; urostyle flexion in prog-
ress; ca. 15 candal rays countable, ca. 8 anal ray Eases
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countable; soft dorsal ray bases developing; pelvic and
first dorsal fins still undeveloped (AJ1). At 89 mm TL
first dorsal fin still rudimentary, other median fins with
full complement of rays, tending toward adult fin shape;
pelvic fins formed; myomeres still visible; a vestige of fin-
fold present between anus and anal fin; anus still placed
far forward.” Aggregating by 8-10 mm; schooling at
11-12 mm TL.**** First dorsal fin formed by 11-12 mm
TL.** Between 9 and 12 mm SL {ca. 10.5-14 mm TL}
anal rays on 17 out of 20 larvae were differentiated suf-
ficiently to permit accurate counts, Caudal vertebrae in
this group ranged 20-24.5 Raised in aquaria, specimens
of this size were 4 weeks old (post-fertilization}.>¢

Pigmentation: At 4.7 mm TL dark pigment still present
along gut; head melanophores unchanged; some dark
chromatophores along sides over notochord. By 11-12
mm TL mid-dorsal pigmentation still slight or lacking
altogether; a dark mid-lateral line present; one large

-“-..‘u.mﬂﬂ'“"‘"““-..--..--- \
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melanophore figured on opercle.*

JUVENILES

No particular sizes described. Size at end of stage 3040
mm SL.

Juveniles distinguished from M. menidiac by short, tr
angular anal fin, lower anal ray count.*

Pigmentation: Distinguished from M. menidia by silvery
peritoneum; ' two lines of spots mid.ventrally along
caudal peduncle; ** from Membras martinica by the lat-

ter and alse by a lateral row of melanophores on each
side of the anal fin.?

GROWTH

Definitive growth studies lacking; modes and even means
of length-frequency distributions (M. beryllina ecom-

> )

N TR NN T N T M I *ﬁmm
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Fig. 44. Menidia beryllina, Tidewater silverside. A. Yolk-sac larva, 3.5 mm TL. B. Yolk-sac larva, 3.7 mm TL.
C. Larva, 47 mm TL. D. Dorsal view of same. (A, Hildebrand, 5. F., 1992: fig. 88, reversed. B-D, Wang,

J.C. 5, 1974; 148.)
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/‘r:l)\

S RECCT s R Q

6.7 mm TL

Fig. 45. Menidiq beryllina, Tidewater silverside. A. Larva, 6.7 mm TL. B. Head of same, dorsal view. C. Larva,
8.9 mm TL. (A, B, origingl drawings by Alice J. Lippson. C, Wang, 1. C. 5., 1974: 149.)

plex) 012115988 ynreligble for growth estimates, prob-
ably reflecting tendency of this species to segregate into
large, spatially separated schools of like-size individuals
{GED) as well as an extended spawning season.'®®
Data from Tampa Bay suggest that late-spawned ju-
veniles grew 5-7 mm per month from June to November,
and that early-spawned juveniles grew about 8 mm SL
Per month from June to September (Guif);* winter
growth cessation indicated in Oklahoma {andens).>

AGE AND SIZE AT MATURITY

?’13‘.‘-”',136 mature by 33 mm SL,* ca. 5 months post hatch-
{gﬁ tassuming growth of 8 mm SL per month, GED)
in d;“Pa“’nmg in south %3¢ may involve 0 year class; most
(M“’;duals- believed to spawn at about one year of age
S;n} }.lery‘ﬂma complex). Adults usually disappear from

l?rzi;}? Eahebsumm, few thought to survive beyond

¥ 8, B
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Menidia menidia (Linneaus), Atlantic silverside

ADULTS

DI to VII (x 484)-1, 7-11 (x 8.36); A. I, 19-29 (X
23.6); ** C. 17 principal rays, 9-11 +9+4-8+9-10; + P, 12-
18 (x 14); = V., I, 5; ' branchial Jateral line seales 37 »-55
% 44.3), ca. 11 innervated; postpectoral lateral line
scales 34-47 (X 40.71), ca. 34 irmervated; predorsal scales
15-31 (x 20.3); caudal peduncle scales 10-17 (x 13.4);*
vertebrae 37 *—47 ' (weighted means 41.4.* 43.3,7 44.2 %),
16+-20 precaudal plus 22°-27+ caudal; jaw teeth
numerous; no teeth on vomer or palatines; gills 4,4

Proportions as percent of SI.: Head 21-24 ** (X ca. 21.9);
smout 6.2 -84 (x 7.1, 7.5 %}; eye 5.2-7.4 (X 6.5); ¥ in-
terorbital 5.8-8.5 (X 7.1); greatest depth 14.4-23.2;°®
predorsal 47.4°°-58.9* (x 53.3," 54.9*}; preanal 51.6 "~
92 (x 56.2,7 38.8'%);, prepectoral 23.0-26.7 (x 23.0);"
pectoral length 18.6:-25.6° (X 19.1, 21.07); pelvic
length 10.1-13.3 (% 11.3).1¢

Body elongate, slender and terete to robust (most robust
in the south), rounded to depressed dorsally, rounded
ventrally, moderately rounded laterally to somewhat
slabsided (southern populations); caudal peduncle evenly
ounded to distinctly angular in cross-section; dorsal pro-
file horizontal or sloped slightly from snout to first dorsal
origin, flat between dorsal origins, sloped downward
along second dorsal base, mostly horizonta] along caudal
peduncle, ventral profile sloped dowmward from head
t vent and upward in almost a straight line along anal
base and caudal peduncle. Head triangular,’ flattened
above; ** snout moderate in length, blunt to subconic
(blunter in males); eye relatively small, its diameter
asvally less than snout length.'*> Mouth oblique, nearly
terminal,** faws equal; premaxillary rounded anteriorly
and strongly curved; maxillary not reaching front of
¢ ** lower jaw included; ! teeth retrorse, in two rows
which conjoin on posterior third of mandible; outer teeth
of mandible stout, largest teeth in outer row of upper
Jaw. these somewhat more anteriorly projected.’® Gill
mer:abrgnes separate, free from isthmus,*® pseudo-
bmf‘&"lu&e present.’® Scales maderate, cycloid,'” well im-
”’-’-"lted', variable in thickness (thinner in more northern

Popilations), e margins entire,’* smooth posteriorly, scal-
OI;t:d anteriorly; * circuli usually visible in all scale
L;rtsb] radii range from well developed to barely dis-
dm:” ¢; caudal peduncle scales shield-shaped; scales
iy !'Uh}‘ato first dorsal fin somewhat higher than long,

Ofl_'..:('_ dl and postpectoral lateral lines complete. Origin
am::-n;-t a;)rsal fin ranging from over posterior border of
0 L& Udalmost directly over anal fin origin; usually closer
oo R base than to snout tip; second dorsal origin
7 eleventh or twelfth anal ray,® about the length of

its own base behind the first dorsal origin, lungest rays
almost twice height of first dorsal fin; caudal Jarge and
moderately forked; * anal fin long's about an eve
diameter longer than the head,” slightly falcate,’® its
origin under the middle *7 to front ' of the first darsal
fin base; pectoral fins broad, moderatelv long, their tips
rounded somewhat; pelvic fins short, rounded ** or trun-
cated, about half as Jong as head, inserted about under
tip of pectorals '™ midway between saout tip and caudal
base * or nearer the former.?* Scales present on head,*
and extending somewhat on caudal fin base, but not on
base of soft dorsal ** or anal fins."™** Air bladder abrupt-
ly truncate in shape posteriorly, its tip scarcely reaching
a point over anal fin origin." not passing second anal
rav.?

Pigmentation: Above transparent green '** to greenish
yellow (scuthemn populations); ** below more or less sil-
very with metallic luster in life,*" belly white; ** a well
defined bright silver band (stole) about half as wide as
eve, edged above by a dark line, on sides from upper
pectoral base to caudal base; '™'**" a dusky mid-dorsal
streak; above stole the pigmentation evident as spots on
ventral edge of scale sockets, melanophores progressively
more diffused dorsally over exposed scale fields: below
stole scale pockets lightly outlined by small spots, belly
scales and those just posterior to pectoral fin base not
outlined; ** chin, top of head and snout dusky,*" fleshy
part of snout with a scattering of small melanophores
uniform except for a concentration arcund nares; light
spotting anteriorly around eye, operculum lacking pig-
mentation. Dorsal and caudal fins wniformly spotted
along rays to fin tips; anal fin pigmentation highly vari-
able from virtually unpigmented to uniform spotting
along rays to tip of fin; pectoral rays usually pigmente
but this sometimes restricted t0 upper 36 rays; pelvie
fins clear; '* caudal fin tinged with light yellow.®

Maximum size: 144 mm TL* 123 mm FL.* or 117 mm
SL (largest among 1500 4 individuals from throughout
the range).'®

DISTRIBUTION AND ECOLOGY

Range: Atlantic coast of North America from north of
47° N in New Brunswick, Nova Scotia and the Magdalen
Islands '* to Volusia County, Florida.? A single specimen
reported from Bermuda % verified as this species, but the
collection data questioned.’®

Area distribution: Widespread and abundant in coastal
waters and lower tributaries of the entire area; '6.784¢
throughout the Chesapeake Bay; ** entering James, Rap-
pahannock and Pamunkey rivers, penetrating as far as
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48 km upriver from the mouths,*® but progressively rarer
and replaced by M. beryllina in fresher waters.'®

Habitat and movements: Adults—chiefly close to sandy
and gravelly shores,"™*"4"* common on open beaches; 14+
abundant in tidal creeks 2% and near the mouths of
rivers; "% adults significantly more abundant over sand
fill than naturally vegetated bottoms; *" not as closely
associated with protected and vegetated habit as M.
berylling; '° seldom along rocky shorelines *” or in fresh-
water; '* listed as present but rare over continental
shelf.#* Salinity records from freshwater '#21% to 37.8
ppt; ' exact details of salinity tolerance and preference

DeveLorMEnT OF Fispes oF THE Mm-Atvantic Biear

still unknown; ' about 21% of catch in short Pelawar
tidal creeks from freshwater. Temperature recorded
1.0 * to 36.0 C: ** summer-collected fish avoided temper-
atures above 30 C, the avoidance behavior breaking
down above 32 C resulting in death within an hour o
so at 32-36 C (acclimated at 4-30 C); #° median toleranc
limits range from 1-2 C (lower) to 32-34 C (upper}.”
Depth of capture to 49 m in beam trawl hauls; * 33% of
the caftch taken in surface trawl versus seine in 2 com
parison test (only 3% of M. berylling in trawl catch d
same study); *¥ large adults taken 8-15 km offshore in
late fall and winter,>?* but also present in shallow water
where they have been taken through ice.®™*® Lo

95 mm SL

ca.

Fig. 48. Menidiz menidie, Atlantic silverside. A. Adult (Massachusetts), ca. 85 mm SL. B. Aduit {Florida), cs.

102 mmn 5%. C. Youn
deposited in water, fi
1,2)

Ovarian

filaments tightly coiled, nucleus co
ts loosely coiled. (A, B, Kendall W. G, 1902: 282 C, D, Ryder, J. A., 1883: figs.

icuous. D. Unfertilized egg freshly
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Fig, 47, Menidia menidia, Atlantic silverside, A. Eg‘ﬁ (dfagrammatic), only bases of filaments shown. B. Unfer-

tilized eg% after several hours in water, showing
germinal

Movements include following tidal ebb and fow in large
schonls 52095.31,54 often entering flooded beach grass at
high tide; ** seasonal movements less well understood but
)f“**’?-" of tidal creeks in late summer,*+¢ disappearance
Tt other areas at the same season **! and winter oc-

Féll’;gl)ce oftshore >2¢ suggest that scasonal patterns exist

i;“'\:'ae—-at ?—10 mm TL observed in closely packed but
wmi(‘-ml}f oriented aggregations at the surface of shallow
w:&-l near the shore, also drifting at the surface of
v . 1;? m dﬂeE; % most conspicuous in intertidal zone
aiﬁ(‘;}gf but taken in fair abundance in plankton tows
a kf traps; *:%2 5.8 mm TI, suggested to represent
l%lt:m 5?“50 phase with a certain limited dispersal capa-
and /1‘00 15 mm TL larvae present at night between 6)

L. m from shore, but individuals larger than 8 mm

- “Pparently less subject to removal from bays by tidal

isc, C. Mature unfertilized egg, micropyle at upper right. ( A, Wang,
I A, 1883: fig. 8. G, Kuntz, A., and L. Radcliffe, 1917: ﬁlg

aments entire, tncoiled, and parthenogenetic formation of
}" g

C. 5., 1974: 143. B, Ryder,
1013

currents.®® Details of salinity tolerance unknown, lab
survival much better at 30 ppt than at 20 ppt.** Temper-
ature 14.8-23.0 C larvae reared at 20 C showed maxi-
mum tolerance to thermal elevation shocks of 8-14 C¥
Depth of capture seldom stated, a single individual re-
ported from a midwater plankton tow at ca. 8 m,** many
from “just below the surface.” 3» Movement in oriented
schools begins at 8-10 mm TL,'*%%** gchooling in
groups of generally 3030 individuals in rectangular
array; * following tides in the intertidal zone; ** found
in incoming but not outgoing bay tidal currents.®

Juveniles—habitat not differing from adults except small-
er individuals present in greater profusion over naturally
vegetated bottom than sand filled bottom,*” po indi-
viduals less than 26 mm FL taken at beach station in
seasons when abundant at more protected stations.??
Salinity probably same as adults; in Chesapeake Bay
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1-14 ppt with a mode near 7 ppt. Temperature 3-31 C,
concentrated at 18-25 C.** One 26 mun FL juvenile re-
ported ca. 18 km offshore in October.” Juveniles indi-
cated to move upstream in tidal creeks before adults in
summer; ¥ thought to retreat to deeper water in the
fall; * moving locally with tides.**

SPAWNING

Location: In the intertidal zone %37 or shallow water ?
of estuarine areas; ** probably seaward with respect to
areas used by M. berylling; ** spawning in schools.’*

Season: Mass spawning witnessed in April {Maryland),*
May (Virginia,”" North Carolina ') and June (Massachu-
setts); " spent fish not reported before April (Mary-
land); * ripe fish in June (Canada),*® late May—]ui’y
(Massachusetts),”*** March-July (Chesapeake Bay re-
gion),-1*22.2¢ March-July and September (South Caro-
lina); **** larvae present in June-july (Massachuserts),*
May-July (New York,” New Jersey "), May-August
(Delaware,’® probably Rhode Island ®), May-November
(Chesapeake Bay},?> most adults spent by early July in
Woods Hole region; ¢ temperature and photoperiod sug-
gested to initiate spawning in south, temperature alone in
north.** Modes of length frequency distributions =205
more cohesive than for M. beryllina, suggesting a more
concentrated spawning season (GED).

Time of day: Daytime * and afternoon ** spawning wit-
nessed, while tide rising and nearing crest.*»*"

Temperature: Not recorded for field spawning; ripe at
13-30 C; " distribution pattern in the north suggests
that successful reproduction requires summer temper-
atures above 20 C.2

Fecundity: 500 eggs from average size females; ' 1413
from a large female.r*

EGGS

Location: Demersal,»***"** in intertidal zone attached
to beach trash * or sedges, grasses, etc.,'»*%" in shallow
water attached to sedges, eelgrass and sand.’101%2* Epgs
more or less scattered ®* or adhering to each other in
chusters. 1317

Unfertilized eggs: Chorion proportionally very thick in
small ovarian eggs; nucleus prominent; attachment fila-
ments developed early, tightly coiled on chorion surface.
Ovulated eggs with a strong, thick chorion; oil globules
highly refringent, of various sizes. When stripped in
water germinal disc diffuse, becoming distinct within ten
hours without fertilization; attachment filaments at first
coiled around chorion in a spiral, soon uncoiling and
becoming adhesive; * micropyle relatively large.*

Fertilized eggs: Generally spherical,'’*® seldom perfectly
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spherical but with various slight irregularities; ™ sem:
transparent, in clusters slightly yellowish,® pale vellow
ish »* or greenish; ' egg diameter 1.0-1.2 mm,* 1.1.11
mm,* 1.25 mm,"*" 1.5 mm; ** chorion thick; * yolk gran
ular; ! 5-12 large oil globules of unequal size and numer
ous smaller ones, the larger oil globules may or may e
be aggregated, the smaller ones distributed more or les
uniformly over yolk surface; **** perivitelline space
broadest at the germ disc, narrowest apposite this point;
chorion with a tuft of elastic filaments attached in one
small area of insertion,***1.% their length ca. §¥ o
several 1" times the egg diameter, all filaments about the
same length and diameter,* base of each filament slight
ly enlarged; ** filaments uncoiling and becoming adhesiv:
after ovoposition,'*? opaque for a short period whil
this occurs, the process possibly hastened by the pres
ence of sperm,' Hlaments later tangled ** and adhenug
to most materials except glass.

EGG DEVELOPMENT

Cleavage meroblastic, equal; second cleavage at right
angles to the first, cleavage quite regulfar.’

After fertilization blastodisc forming a cap on the yolk'
first cleavage about 1 hr. after fertilization; ¥ moruk
stage reached in 6 hr. at 29 C, 48 hr. at 155 C, embm
outline discernible in 12 hr. at 29 C, 60 hr. at 155 C
embryo somewhat less opaque than the remainder ¢
the blastoderm, extending half around the egg with o
12 somites in 24 hr. at 29 C, 4 days at 15.5 C, the ol :
globule single by this time; heartbeat beginning after 2
days at 29 C, 7 days at 155 C;* 20-24 somites visibk -
within 40 hr. after fertilization (temperature uusped -
fied,* probably ca. 20 C (GED); after circulation estab
lished large melanophores appear sparsely scattered o0°
yolk blastoderm, xanthophores and smaller melanophor®s
on embryo,»** by this time embryo has fully encircled
the egg, tail free and capable of considerable movement
and segmentation complete; * as development contine®
melanophores becoming aggregated in a few areas &
dorsal aspect of head and in a series along base of it
dorsal finfold; yolk blastoderm melanophores graduall
becoming arranged along the vitelline blood vessels
small xanthophores remaining sparsely scattercd
embryo for some time but gradually becoming less
conspicuous.®®

Incubation time: From 4 days at 30 T to 27 day~ & b
C.” Incubation period may also be caleulated from the
following formuﬁ empirically derived (GED) from dit
presented by Austin, et al. {1975}

log time in days=2.26717-{0.062308 X temperature i
degrees C)

Began hatching seventh day at §2 C,?* 8-15 days 2t ﬁ%ﬁ
27 C,¢ 8-16 days at unspecified temperatures; 2>
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Fig. 48. Menidia menidio, Atlantic silverside. A. Fertilized sgg shortly after fertilization. B. Egg, 2-cell stage.
C. EgE, 4-cell stage, surface view. ). Egg, 1B-cell stage. E. Egg, morula stage. F. Eg%;’d%em ring staye {early
3 flggs. 163,

gastru
105)

m;}_ﬂ_ﬁlit}’ high even at 15 C (Long Island).® Reduced
ia ity delayed emergence by 10 hr. at 20 ppt, 42 hr. at

PPt also reduced percentage hatching, optimum
sahmty 30 pptsa

Hirching length: Ca. 5 mm TL™* 38-50 mm TL.

ihtn;; of stage controversial,® amount of yolk at hatching
We-,,'ﬁ:it artly dependent on developmental temperature,
at o= é ned yolk sac absent at hatching when hatched
secomd - or lower %1, progent at 30 C,»** absorbed by
- one™ third ! or fifth * day post-hatching, little growth
" etigth during stage.

?;;f,}aftcmng, body shape very slender, tail extremely
s JUst posterior to yolk-sac area, body tapering
adually from amys to posterior end.®*

Pigy i
igmentation: At batching highly transparent; * eyes well

(A-C, E, Hildebrand, 5. F., 1922: figs. 85-87, 89. D, F, Kuniz, A, and L. R

{iffe, 1917

pigmented; ** large dendritic melanophores and yellow
chromatophores aggregated on the dorsal aspect of the
head *-#** and in the dorsal region of the bedy cavity,
melanophores alse present on the ventral aspect of the
yolk sac, in a series along the base of the ventral finfold,
and in a few small groups at the base of the dorsal
finfold toward the posterior end of the body.*

LARVAE

Specimens described 5.5 ca. 15 mm TL; size at end of
stage not established; before 20 mm TL.>*

Caudal rays becoming apparent at 5.5 mm TL; finfold
somewhat constricted between median fing.** At 7.0 mm
TL # and 8.0 mm TL * little changed from 5.5 mm TL,;
urostyle flexion just beginning; anus stll about 1/4 of
way from snout tip to urostyle tip. At 7.5 mm SL pec-
toral rays shown as still undifferentiated.* In size range
9.0-15.0 mm SL (x 10.6 mm SL) full complement of
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Fig. 49. Menidia menidia, Atlantic silverside. A. Egg, neural crest stage {late gastrula). B. Embryo with 22-24
somites, optic vesicles formed. C. Embryo 2 days after fertlization at 27.8 C. D, Embryo after vitelline circula-
tion and pigmentation established. E. Advanced embryo less than a day before hatching. {A, C, Hildebrand,
S. F., 1922: figs. 90, 91. B, D, E, Kuntz, A., and L. Radoliffe, 1917 figs. 107, 108.)

22-55 anal rays countable in only 14 out of 41 speci-
mens; caudal vertebral counts ranged 25-26; age (aquar-
ium reared) 4 weeks postfertilization.” At 11-12 mm TL
and 13 mm TL first dorsal fin not developed or only
bud-like; 2>* pelvic fins not developed; vestiges of ven-
tral finfold still present anterior and posterior to anal
fin; caudal fin rounded: pectoral ray count incomplete;
anus ca. 1/3 of distance from snout tip to urostyle tip,
shifting toward its final midway position; ** scales appear
at some point in the interval 18.1-23.8 mm SL.*

Pigmentation: At ca. 55 mm TL yellow pigment ma-
terially reduced; melanophores more abundant on the
dorsal aspect of the head and anterior trunk region; the
body further marked by a series of melanophores at
the base of the ventral finfold and another at the ventral
level of the notochord. At 8.0 mm TL pigment distribu-
tion essentially the same.*® In the range 9.2-12 mm TL
dorsal surface melanophores arranged in 2 irregular
paratlel rows; melanophores also present in single lateral

rows along the anal fin in addition to forming spots &
the bases of the anal rays®® At 12-15 mm TL
pigment distribution observed at earlier stages still "
parent; melanophores more abundant on the dor
aspect of the body; the silvery lateral band not yet wel

differentiated.*®

JUVENILES

Size range from less than 20 mm TL ** to 5058 ™
SL.*" A single specimen figured as 13 mm TL* (possibl
atypically small, GED).

Caudal margin straight, head melanophores large it th;-
putative 13 mm TL juvenile; ' shown scaled, althouf

scales elsewhere stated to be undeveloped at 161 ™:
SL; * lateral line pores appearing at 30-35 mm SL. thel’
maturation uniform, with innervation stage sioildf *

any given size, unlike non-uniform maturation i ¢ §

Menidia species.'®
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D 5.5 mm TL

E 7 mm TL

Fig. 50. Menidia menidia, Atlantic silverside. A. Yolk-sac larva, newly haiched, ca. 5 mm TL. B. Yolk-sac
larva, 5 mm TL. C. Yolk-sac larva, 5.3 mm TL. D. Larva, 5.5 mm TL. E. Larva, 7 mm TL. (A, Hildebrond,
5. F., 1923; % 93. B, D, Kuntz, A, and L. Raecliffe, 1917: figs. 109, 110. C, original draw_iug by Alice 1.
i:;PP-foﬂ- E, Wang, J. C. 8., 1974: 150, rephotographed with permission, from on oniginal drawing by R. Lynn

oran.)
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A 8 mm TL

e
l_'—-!’o—':?"-"i. .

__.‘, Y.!!‘v“!‘v’v‘!‘v‘\r‘:‘:‘:‘"{# : O
'lo,‘ff.,._‘,_.ffmo,gm i

Fig. 51. Menidia menidia, Atlantic siverside. A. Larva, 8§ mm TL. B. Larva, 9.2 mm SL, domal view. C.
Larva, 12.1 mm SL, myomeres partially drawn. D, Larva, 13 mm TL. E. Juvenile, length problematical (sce
family introduction). (4, D, Kuntz, A., and L. Radcliffe, 1917: figs. 111, 112. B, C, Kolbha, C. A., 1972: figs. 5B,
5A. E, Hildebrand, S. F., 1922: fig. 94.)



Pigmentation: In juveniles, specimens not quite like that
of adults, but melanophores of dorsal suface in a more

random fashion than those of Membras.®

Fig. 52. Menidie menidia, Atlantic silverside. A. Juvenile, 23.8

mm SL, dorsal view of head. {A, Koibg, C. A, 1972: fig. 5C.)

GROWTH

Definitive growth studies in the field lacking; a sugges-
tion that growth is more rapid during the early juvenile
phase, ca. 14 mm per month at seaward stations, 7 mm
per month at more landward stations in Rhode Island;
estimates complicated because of tendency to school in
- groups of similar size individuals;® in culture reaching
810 mm TL in 2-3 weeks,+* 27-30 mm in 48 days.*

Fig, &,
ern yip
adult 4

t 85.8 mm SL. (A, B, Kolba, C. A., 1972: figs. 1A, 18.)

AGE anD SIZE AT MATURITY

Most adults are 1 year old and 50-88 mm (TL?) in

length_n

Menidia menidia, Adantic silverside. A. Scale from lat-
pe of juvenile 23.8 mm SL. B. Scale from lateral stripe of

L R AW S

5BRIEHRE

41,
42,
43.
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Atherinidae—silversides 113

LITERATURE CITED

Hildebrand, S. F., 1922:113-118.

Gosline, W. A., 1948:310-311,

Kelba, C, A., 1972:13, 15, figs. 1, 2, table 2.

Bayliff, W. H., Jr., 1950:10, 13, table 1.

Fahay, M. P_ 1975:20.

Schwartz, F. J., 1964:183.

Rubinofl, 1., and E. Shaw, 1960:7-9.

Mulkana, M. §., 1966:132-137,

Austin, H. M., et al., 1975:762-764.

Kendall, W. C., 1902.:246-249, 266.

Schwartz, F. ]., 1961a:400.

Tabb, D. C., and R. B. Manning, 1961:638.

Bumpus, H. C., 1898:851.

Tagatz, M. E., 1967:48.

Williams, M. M., and E. Shaw, 1971:2-3, 10, 13.

Robbins, T. W., 1969:100-108, 112, 242-252,

Leim, A. H,, and W. B. Scott, 1966:335-3386.

Hildebrand, S. F., and W. C, Schroeder, 1928:187-
1589,

Scotton, L. N., et al., 1973:533.

Bason, W. H., et al., 1975:181,

Tagatz, M. E,, and D. L. Dudley, 1961:3, 9-10, 12,
14, 18-17.

Wang, J. C. S., 1874:143-144, 150.

Cain, R. L., and J. M. Dean, 1976:375.

Rasin, V. J., 1976:98.

Dovel, W. L., 1971:30, 41, 52.

Clark, ., et al., 1969:57.

Bigelow, H. B., and W. C. Schroeder, 1953:302-
304.

Thomson, K. 8., ef al., 1971:91-92,

Struhsaker, P., 1968:2097.

Perlmutter, A., et al., 1967:59,

Ryder, J. A., 1683:193-155.

Gift, |. ], and J. R. Westman, 1972:24, 32.

Middaugh, D. P., and P. W. Lempesis, 1976:296,
295299,

Nichols, J. T., 1908:731.

Williams, G. C., 1960:339, 351-352.

Shaw, E., 1960:83-84.

Shaw, E., 1961:269.

Massmann, W, H., ef al,, 1852:380-390.

Kuntz, A, and L. Radcliffe, 1917:127--130.

Smith, B. A., 1971:71-72.

Miller, G. L., and S. C. Jorgenson, 1973:303.

Schultz, L. P., 1948:13, 32.

Jordan, D. §., and B. W. Evermann, 1896-1900.785,
800

Rubinoff, 1., 1981:242-.244.

de Sylva, D. P, et al, 1962:80-81, 86-87, 120-121.
Massmann, W. ., 1954:76-77.

Briggs, P. T, and J. 8. O’Conuer, 1971:24-25, 37-38.
Tracy, H. C., 1910:95-96.

Rubinoff, 1., 1958:147.



114 DevELopMENT oF FisHes oF THE Mm-ATeanTic Bicar

50. Shuster, C. N., 1959:27. 58. Needler, A. W. H., 1940:383-39.

51. Butner, A., and B. H, Brattstrom, 1960:139, 141. 59. Croker, R. A., 1965:92-94,

52. Bason, W. H,, et al., 1976:205-210. 60. Fish, C. ], 1925:165, 173,

53, Kemehan, R. ], et al., 1976:48, 293. 61. Barbour, T., 1905:116.

54. Merriman, D., 1847:286.

55. Herman, S. S., 1983:107. ADDITIONAL REFERENCES

a6. Hof, J. G., and . R. Westman, 1966:134, 137.
57. Fowler, H. W, 1918:17-18. Clask, E., and ]J. M. Moulton, 1949 (laboratory rearing



Polydactylus octonemus
Polydactylus virginicus

threadfins
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FAMILY POLYNEMIDAE

This largely tropical family is represented in the northwestern Atlantic by
three specics in the genus Polydactylus. Little is known about them except for
adult food habits and adult and juvenile habitat preference. The two species in
this area are estuarine and surf zone residents, as is tvpical of the family. The
adults and juveniles primarily feed on shrimp and other macrocrustacea. They
can be most easily separated by the number of lower free pectoral rays, seven
free rays in P. virginicus and eight in P. octonemus.
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Polydactylus octonemus (Girard), Atlantic threadfin

ADULTS

D. VIII-I, 11 1-13; % A, III, 1374-}15;° pectoral fin with
8 free lower rays; ** C. 12-13+9+84-12-13; vertebrae
10 +14=24; ** scales about 58; gill rakers 21-22 on lower
limb; teeth small, in villiform bands on jaws, vomer and
palatine.!

Body proportions expressed as percent of head length:
Caudal peduncle depth 45.4; snout 18.0-18.9; eye 21.0;
maxillary 40.8-42.6.!

Body oblong, compressed with a strongly compressed
caudal peduncle; ! anterior profile almost straight; ® head
with a projecting, conical snout and eyes anteriorl
placed; mouth moderate, inferior, nearly horizontal.
Scales moderate, ctenoid, moderately deciduous, extend-
ing onto snout and fins. Lateral line complete, forked at
caudal base, extending onto fin. First dorsal fin origin a
little behind opercle, second dorsal fin origin a little in
advance of the anal fin; caudal fin deeply forked; pelvic
fins very small.!

Pi%mentati(m: Back light olivaceous with punctulations,
belly whitish; pectoral fins black.*

Maximum length: To about 305 mm.®

DISTRIBUTION AND ECOLOGY

Range: South Atlantic and Gulf coasts, rarely to Massa-
chusetts.®

Area distribution: New Jersey,” Virginia portion of
Chesapeake Bay.*

Habitat and movements: Adults—sandy shores,*® sud
zones,® open waters® and estuaries.’® In Texas waten,
movement is inshore in late spring summer; * Louisiag
waters, enter estuaries in spring,'® leave inshore waten
when the water temperature drops; ™° euryhaline ® li-
ing in a range from 1.67-36.7 ppt salinity, but being
least common in intermediate salinities; inshore when
the surface temperatures are 18.4-32.0 C;° found from
14.8 C to 34.9 C, but most common about 20 C.°

Larvae—no information.

Juveniles—shallow water with sandy bottom.*

SPAWNING

Probably offshore in late winter or early spring.*

EGGS
Probably pelagic.®

EGG DEVELOPMENT

No information.

YOLK-SAC LARYAE

No information.

LARVAE

No information.

Fig. 54. Poly lus octonemus, Atlantic threadfin, A. Adult, length unstated, (A, Hildsbrand, S. F., and

W. C. Schroeder, 1928: fig. 113.)



JUVENILES
Like adult except that pectoral fins are pale.

GROWTH

Based on length-frequency data: June, 2343 mm, mode
at 33 mm; July, 33-53 mm, mode at 4348 mm; Al;{%lﬂt
-53-83 mm, mode at 78 mm; thereatter modes are difticult
w distinguish and the smallest size group merges with
the next larger group.®

;AGE AND SIZE AT MATURITY

. No information.

—
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Polydactylus virginicus (Linnaeus), Barbu

ADULTS

D- (\!III) to \?III_I’I.Z.R.T.S 10_13 k] (9’“12), T AL 111’1,2.3.7.9
12-14; #* P. 15 upper (attached rays)#*+7 lower (free)
rays; ¥* C. 9+8; vertebrae 10+ 14=24; scales 53>* or
541-62 1% or 65; * gill rakers 11-13+-16-17% or 12+ 1+
14-16; teeth in villiform bands on mandible, palatines,
vomer and pterygoids; branchiostegals 7.}

Proportions as percent of SL or HL: Head 30.0-32.0 S1,,
depth of body 28.1-30.3 SL;' anal fn base 17.2-19.2
SL; ® snout 20 HL: maxillary 444 HL.”

Body deep, compressed, anterior profile nearly straight; ’
head with a conical snout projecting in advance of the
mouth and with the eyes located very far forward; mouth
large, almost horizontal and inferior; * gape extending to
well behind the eye; scales large, loose and slightly cten-
oid.? Lateral line straight, bifurcating at the base of the
caudal and extending onto the caudal fin. Two well
separated dorsal fins,"* pelvic fins abdominal,' caudal fin
forked,"* and all fins more or less scaly.®

Pigmentation: Dorsum grayish blue,’ whitish olive %® or
yellowish white, scales on dorsum with dark punctula-
tions on their margins; * sides and venter silvery,® dirty
white,®® or vellowish white; " sides of head yellowish
silver; ' pectoral fin with an irregular black blotch above,
lower, free rays white** or upper part dark, almost
black; ! pelvic fins dark;%® anal fin pale with dark
punctulations ¢ or dark gray; * dorsal fin pale with dark
punctulations,®® or yellowish.®

Maximum length: Probably not exceeding 305 mm SL.2°

DISTRIBUTION AND ECOLOGY

Range: New Jersey ! to Brazil,* or Uruguay * inchuding
the West Indies.?*

Area distribution: New Jersey ' and lower Chesapedk
Bay

Habitat and movements: Adults—sandy areas new
beaches, often in only a few centimeters of water, als;
mangrove lagoons and brackish waters.! Enter tive
months.®

Larvae—no information.

Juveniles—over soft bottoms.* Very common over siltt
sand near river mouths in Puerto Rico (FDM).

SPAWNING

Small juveniles present throughout the year in Puem

Rico suggesting a prolonged spawning season ther
(FDM).

EGGS
Probably pelagic.®

EGG DEVELOPMENT

Npo information.

YOLK-SAC LARVAE

No information.

Fig. 55. Polydactylus virginicws, Barbu. A, Adult, 240 mm TL. (A, Cervigon M., F., 1966:
recersed. & Fmédén

. 109, Figure

La Salle de Ciencias Naturales, Caracas. Used with permission of the publisher.)



LARVAE

No information.

JUVENILES

At 30 mm SL, bright silvery white with no markings or
dark pigmentation noticeable in most specimens in life;
fins turn dusky after death (FDM). Juveniles of unstated
size listed as silvery white.”

GROWTH

Juveniles in December 32-50 mm, in July 65-105 mm
SL.4

AGE AND SIZE AT MATURITY

“No information.
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Bothus ocellatus
Bothus robinsi
Citharichthys arctifrons
Citharichthys spilopterus
Etropus crossotus
Etropus microstomus
Hippoglossina oblonga
Monolene sessilicauda
Paralichthys dentatus
Scophthalmus aquosus
Syacium papillosum

lefteye flounders
Bothidae
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FAMILY BOTHIDAE

The flatfishes have been variously divided into families. Within the region
there are four or more familics, depending on the classification system used.
These four are Pleuronectidae, Bothidae, Soleidae and Cynoglossidae. The fam-
ily Bothidae may or may not be split into the Bothidae and the Scophthalmidae
(Berg, 1958; Gosline, 1971; Greenwood, et al., 1966, Norman, 1934). More recent-
ly a body of information suggests that the Bothidae of the more restricted sense
should be further divided into two or three mwre restricted families. With
the exception of Amacka {1968}, the main body of this information has not been
published. Due to contlicts among these proposed svstems as to how many fam-
ilies there are and which species would go inte which family, it is deemed most
useful for this volume to simply refer to the Bothidae, sensu latu, and con-
sider jt as containing the Scophthalmidae. Accepting this classification, the
bothids can be distinguished from the plevronectids and the soles by usually
having both eyes on the left side of the head. They can be distinguished
from the cynoglossids and the soles by having the preopercular margin free.
The only source of confusion would be reversed specimens of either bothids or
pleuronectids. However, even these can be distinguished by an examination of
the optic nerves because the right nerve is always dorsal in bothids, even in re-
versed specimens (Bohlke and Chaplin, 1968). Another point distinguishing these
two families is that bothid eggs have one or, at most, two or three oil globules
while most pleuronectid eggs have none.

In bothids there are two methods of eve migration. The right eye of fishes
of the genus Bothus moves through a deep groove in the head with the tissue
in the path apparently being absorbed and regenerated, while in all the others
known, the eye migrates more esternally over the head, though in some a
preformed groove or noteh is apparent.

Most bothid Jarvae in the area, along with some of the pleuronectid larvae,
have a postanal vertical pigment band at some stage. This band is frequently
confined to the body surface but in some species it extends well onto the finfolds.

Another common larval characteristic of bothids is the presence through a
large part of the larval stage of elongate anterior dorsal rays or tentacles, the
number and degree of elongation varying widely. No known pleuronectid larvae
have these, but some soles and cynoglossids do.
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Bothus ocellatus (Agassiz}, Eyed flounder

ADULTS 78, 1% vertebrae 104 25-27,%%'" modally 10+ 26; " gl

rakers short, 06 4 7-10; 7 teeth fine, conical, 2 series
D. 76-91; " A. 58 -89; " C, 17, rarely 16,7 9+8,* in upper jaw, outer row with larger teeth than ione
P. veular side 8-10,"7" usually 10, blind side 7-10, us- row,’™'" 2 series in lower jaw, outer teeth large and few
ually 10; % left V. 6, right V. 5 (JWT); scales 70"~ in number.’?

C 4 mm SL

Fig. 56. Bothus ocellstus, Eyed flounder. A. Adult, length unstated. B. Larva, 3 mm TL. Note that myomerc
numbers as indicated do not equal a possible vertebral number for this species. C. Larva, 4 mm TL. Myomere
numbers as indicated do mot equal a possible vertebral number for this species. (A, Jordan, D. S, and B. W.
Evermann, 1896-1800: fig. 939. B-C, Jutare, T. V., 1882; fig. 11A, used with permission of author.)
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6.5 mm TL

E“ ig. 57, Bothus ocellatus, Eyed flounder. A. Larva, 5 mm. Myomere number as drawn does not match a pos-
sible vertebral mumber for this species. B, Larva, 6 mm. Note branched cephalic tentacle which is not indicated
at any other size. C. Larva, 8.5 mm TL. (A, B, Jutare, T. V., 1962: fig. I1A, used with permizsion of author.
C, Colton, J. B., Jr., 1961: fig. 1, delineated by Donng Jean Davis.)
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Proportions as percent SL or HL: Body depth 58.8 -
70.0 ' SL; head length 24.5*-30* SL; eye 22.2 “--30 HL;
upper jaw length 24-27 HL.!

Body ovate, deep anteriorly; I head with a slightly con-
cave profile in front of the widely separated eyes in
males but not females; " mouth very small and oblique,*
maxillary to or slightly beyond a vertical through ante-
rior edge of eve.”'7 Scales moderate,"" a few ctenoid
on the ocular side, all cycloid on the blind side.*'? Lat-
eral line with a distinct arch anteriorly.”’** Upper pec-
toral fin rays of males elongated; *2*+'7 dorsal fin origin
opposite anterior nostril, left pelvic fin beginning under
middle of lower eye,”” with a long bar on the ventral
margin extending to tip of urohyal, right pelvic fin above
the margin and short-based.!

Pigmentation: Color pattern changeable: dark phase,
dark gray with darker nuclei; four submarginal nuclei
following the dorsal contour, three similar following the
ventral outline and three equally placed along the
straight portion of the lateral line. Intermediate phase,
drab with scattered circular and elliptical spots of cream;
light areas and dark areas darkest at their periphery.
Males with preocular region streaked with blue lines
with clusters of yellow between. Light phase not de-
scribed.* Two dark spats at base of caudal rays, one
below, one above the midline, sometimes ahsent or
indistinct.!

Maximum length: About 200 mm.'?15

DEeVELOPMENT OF FIsHES oF THE MIn-AtiLanTtic BicHT

DISTRIBUTION AND ECOLOGY

Range: Atlantic coast of U.S. from Long Island to Flor-
ida, West Indies, Caribbean Sea, Atlantic coast of South
America to Rio de Janeiro,!#%'%* Bermuda,’* " Baham-
as.”’ Larvae are found to just west of the Azores:~
Rectirds from the west coast of southern India® ap
probably in error (FDM).

Area distribution: Off New Jersey,” Delaware,” and Vir
ginia,*” throughout the Chesapeake Bight.

Habitat and moverments; Adults—clear, shallow waterove
sand,'” along sandy shores,'* in channels * or in mudd
or sandy bays, more frequently on sand; * 20-32 C; 24)-
37.6 ppt** at depths of from 3.6 m*7 to 108 m.* Mot
frequently taken in clear, pratected waters (FDM).

Larvae—planktonic, in the top 250 m with most in the
top 100 m,*™ highest concentrations off Cape Lookout to
east of Chesapeake Bay near the edge of tEe cantinentl
shelf .22

Juveniles—shallow water along sandy shores?® saud:
tidepools (FDM).
SPAWNING

Location: Probably inshore with eggs carried offshoe
by currents.'”

Season: In the south Atlantic Bight larvae are presentin

]

Fig. 58. Bothus ocellatus, Eyed flounder. A, Larva, 7 mm SL. pelvic fin formed but small. (A, jutare, T. V-

1962: fig. 11B, used with permission of author.)
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Fig, 59. Bothus ocellatus, Eyed flounder. A. Larva, 8.0 mm TL, Anus divected posteriad, almost pupillose, B.
forward. C. Larva, 15 mm TL. Coelomic cavity moved forward to a pos

Larva, 11 mm TL. Anus shifting ;
ore under the bead. (A-C, Colfon, 1. B., Jr, 1961: figs. 1B-1D, 1C and 1D delineated by joan Ellis.)
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all seasons indicating year-round spawning® but peaks
are noted in July and December; '* within Chesapeake

Bight Feak in May and November, may be a mixture of
B. ocellatus and B. robinsi.*

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

DEevELOPMENT OF Fisues oF THE Mm-ATLanTtic BiceT

LARVAE

To 21 mm, " but northern larvae may not metamorphose
until after 42 mm,>'" some (possibly B. robinsi rathe
than this species) metamorphose at 8-12 mm.*’

Body pear-shaped in outline with the caudal peduncle
being the small end of the pear;’* anterior profik
blunt **27 with well developed, slightly projecting jaws; -
eye migrates through head at metamorphosis rather than
around.**!" First dorsal fin ray elongated and tentacle
like; appears at about 3 mm and disappears at about 1}
mm.** Notochord of the genus does not flex upward &
much as that of other genera.’* Gut coiled and not
reaching the ventral profile, anus projecting slightly; gas
bladder large, pigmented, lying below 6th—8th abdominal
vertebrae, reduces in size around 12-13 mm becoming
constricted in the middle; liver at first rectangular but

)
SRR

Fig. 80. Bothus ocellatus, Eyed lovnder. A. Lanva, 18 mm SL. B. Larva,
gration. (A, B, Jutare, T. V,, 1962: fig. 11C, used with permission of author.)

22 mm SL, eys nearly fnished mi-



001 becoming tongue-shaped with the end of the tongue
projecting under the intestinal coil in the vicinity of the
anus.**

Pigmentation: Smaller individuals in this genus have a
few pigment spots ** but these are lost and the fish be-
comes transparent by 8-10 mm; * pigment spots located
on the dorsal tentacle, on the caudal fin and on the dor-
sal and anal fin 1ays near the tail; eye also black; in
addition to the black pigment, live or fresh material may
have pale purple oveid chromatophores which fade in
as little as a week in aleohol; these chromatophores
located in rows on the eyeballs, along the edges of each
myotome and on all interneural and interhaemal spines;
ones on the upper eve, opercular and pectoral fins larger
and numerous.™’

JUVENILES

Minrimum size may be over 42 mm * or about 8 mm de-
pending on where taken' and presence of suitable
habitat for metamorphosis.'*

Pigmentation: Colorless and transparent from meta-
morphosis to about 20 mm TL at which length adult
coloration is assumned.™'"

GROWTH

No information.
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AGE AND SIiZE AT MATURITY

No information.
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Bothus robinsi Jutare, Spottail flounder

ADULTS

D, 7825-80;¢ A, 592°-88;4% P. ocular side 8127
usually 10,%¢ blind side 7-11, usually 9; ? scales 62 77,
vertebrae 10+ 26-28,*¢ modally 10+ 27; ¢ gill rakers 2-
7¢45-10.2

Proportions as percent SL. or HL: Body depth 62.0 :-76
SL.* decreasing with length; ¢ head 22.0-31.0 SL,° de-
creasing with length;* eye 24-31 HL,* 6387 8L,
decreasing with length.’

Upper profile of head slightly concave in front of eyes in

both sexes,” gape to or slightly beyond anterior edge of
lower eye.** Scales weakly ctenoid on ocular side, cy.
cloid on blind side of females, cycloid on both sides of
males. Teeth conical, slender, sharply pointed and cop
vex on outer face, two rows in upper jaw, outer row
covered with skin, large, few and far between, inuner 1ow
small, numerous, closely arranged; three rows in lower
jaw, outer and middle rows as outer and inner rows of
upper jaw, innermost with teeth folded inward. First
pectoral fin ray of eyed side greatly elongate in males:

Pigmentation: Smaller individuals with light and dark

Fig. Bl. Bothus robinsi, Spottail flounder. A. Large juvenile, 57 mm TL. B. Juvenile, 26 mm TL. (4, Alperin,
I. M., and R. H. Schaefer, 1985: 13, delineated by Tamiko Karr. B, Bohlke, J. E., and €. C. G. Chaplin, 1068:
216, @ Academy of Natural Sciences of Philadelphia. Used with permission of guthors and publishers.)



vcelli on a ground of uniform brownish gray; larger exam-
ples generally darker and more uniform with the light
ocelli less noticeable; three dark brown or black spots on
the lateral line, the first forward on the body, the second
about midway between the first and third, and the third
on the caudal peduncle; dorsal and anal fins with dark
spots, mostly lined up along the fin base; caudal fin with
two dark spots on the center rays, one in front of the
other, these sometimes connected,' apparently always
present,” even in very small specimens;* a semicircular
dark band a little past the center of the caudal fin.*

Maximum length: 22 mm SL.?*

DISTRIBUTION AND ECOLOGY

Range: North Carolina to Florida, Gulf of Mexico, West
Indies, Caribbean Sea, Atlantic coast of South America
to Brazil® also, the Bahamas * and New York.?

Arca distribution: New Jersey; * probably oceurs through-
out the area but has not been recognized because of
confusion with B. ocellatus (FDM).

Habitat and movements: Adults—shallow coastal areas on
sand or mud,* also on patch reefs,® salinities 23.9 *-36.49
PPt 12.0-30.0 G; * depths of 3.6 m ? to 92 m * but usually
in less than 55 m.?

Larvae Planktonic, in the top 250 m, with most in the
top 100 m.?

Juveniles—no information, but probably similar to adult
habitat {(FDM).

SPAWNING

Seasom prolonged, based on presence of ripe females,
June to November,® may be longer (JWT).

EGGS

Unfertilized eggs about 2 mm with one oil droplet
located on top of the yolk.*

Bothidae—lefteye flounders

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

Metamorphose at 9-12 mm.

Except for the vertebral count being on the average one
higher and the differences in fin ray counts, they are
identical to B. vcellatus.?

JUVENILES

As with larvae, extremely difficult to separate from B.
ocellgtus prior to the assumption of the adult eplor
pattern.® See account for B. ocellatus.

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.
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DevErLopMENT oF FisHEs oF THE Mip-ATLaNTIC BicHy

Citharichthys arctifrons Goode, Gulf Stream flounder

ADULTS

D. 75-86; A. 58 *-67 *** (yne report of 88 as maximum 2);
C. total 16 * or 17" 9+ 8; * P. ocular side 9-11, 7 ¢ blind
side; V. 8 {JWT); scales 37-43;: vertebrae 10-11-+
26°-28* for a total of 36-39; %% gill rakers 5+6-8;°

, 40
teeth small, 55"
Bady proportions as percent SL or HL: Body depth 34—
43 81; head 23-38 SL; pectoral fin on ocular side 16-19
SL; eye 26-29 HL; upper jaw 27-32 HL.2

Body elongate; head small; * snout with a well developed
horizontal osseus protuberance which increases with
length; gape to a vertical through anterior portion of
pupil-* Scales irregularly polygonal, cycloid, flexible,
loosely arranged and deciduous; lateral line nearly
straight. Pelvic fins scaly; dorsal fin origin on snout
above anterior margin of upper eye; anal fin origin under
axil of pectoral; caudal fin subsessile, triangular; pectoral
fin insertion well below lateral line and close to gill
opening; ocular side pectoral fin about twice as Jong as
that of blind side; * males with blind side pelvic fin long-
er than other.’® Females with a postanal extension of
coelomic cavity containing the ovaries, visible through
the translucent tissue.?

Pigmentation: Ocular side tan or brown with no ohvious
or noticeable markings.? Brownish white below.'

Maximum length: To 178 mm.**

DISTRIBUTION AND ECOLOGY

Range: Atlantic coast of U.S. from Georges Bank >'° to
Florida; Gulf coast of Florida; Yucatan, Mexico.?

Habitat and movements: Adults—reported from a tem-
perature range of 8-11.5 C; ® reported as shallow as 22
m * but usually deeper than 37 m * and down to 682
m.!

Habitat and movement: Adult-—reported from a tem-
perature range of 8-11.5; * reported as shallow as 22 m -2
but usually deeper than 37 m ** and down to 682 m.*

Larvae—6-11 C; * planktonic at 12-18 m but occasionally
down to 50 m; wvsually found outside the 37 m contour
line, but may be found as near shore as the 18 m con-
tour! More often close inshore off Long Island and
Cape Hatteras than within the study area.®

Juveniles—one report of specimens at 137 m.*

SPAWNING
Most spawning takes place July through October, but

may occur sporadically throughout the year, gravid fe.
males have been taken in August and September in the
Chesapeake Bight.! Abundant small larvae indicate that
most spawning within the Chesapeake Bight is between
May and December.”

EGGS

Stripped unfertilized eggs almost transparent, spherical
to slightly ovoid, with smooth surface; no apparent oil
globule (probably present, JWT); .70-.82 mm djameter,

average .74 mm.}

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

Estimated 2 mm at hatching, yolk absorbed by 2.5 mm

Abdominal region deep (deeper than Etropus micre-
stomus, JWT) and laterally compressed; caudal region
slender; head deep and laterally compressed. Eye heav-
ily pigmented by 2.3 mm TL, fore-, mid-, and hindbrain
distinctly outlined by 2.5 mm TL; gut coiled; gas bladder
developed at 2.3 mm TL.

Pigmentation: Melanophores scattered along the ventril
body margin from angle of jaw to cleithrum, becoming
less conspicuous with age; heavy concentrations of pig
ment occur over gas bladder, persisting until metamor
phosis; between 2 and 3 mm TL may have a postanal
band of pigment, which becomes a dorsal and an andl
bar of pigment on the body margins ahout two-thirds
distance from anus to notochord tip; melanophores ap
pear scattered along ventral body margin from hindgtt
to tail tip. Scattered pigment may occur on finfold for
2 to 4 mm but in no set pattern.!

LARVAE

3 or 4 mm to 14 mm.

Total myomeres 34-35, caudal 17 at 9-10 mum; withot!
the axial skeleton forward neural spines ossify first, fok
lowed by neural and haemal spines of the caudal regit?
with development proceeding posteriorly, centra beg?
ossification in the posterior abdominal regjon with ¢
velopment proceeding both anteriorly and ster_wfll?’
parts of maxillary, premaxillary, dentary and artict?
are ossified by 4 mm. Dorsel and ventral body outh®
become convex as metamorphosis approaches; eye 10"
ly spherical with a ventral cleft apparent from 3.0 wh
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length unstated

2.5 mm SL

Fig. 62. Citharichthys arctifrons, Gulf Stream flounder. A. Adult, unstated length. B. Larva, 2.5 mm S5L. (A,
Goode, G. B., and T. H. Bean, 1895: fig. 366a. B, Richardson, S. L., and E. B. Joseph, 1973: fig. 2.)

to metamorphosis; otoliths not observable; nasal capsule
evident by 3.0 mm. Dorsal fin rays begin ossification by
2butt 5 mm with ossification starting in the middle and
Pm‘«‘%dini in both directions, dorsal fin ray complement
@mplete by 8 mm, notch appears in dorsal fin at 4.0
Lr;m' at 5 mm three elongated rays appear in the region
this nfotch and persist until metamorphosis; anal fin
%5 begin ossification by about 5 mm, beginning ossifi-
?alf]“m in the middle and proceeding in both directions,
] ‘ﬂdult_complement of rays by 10 mm; caudal fin rays
Bin ossification at 56 mm, complete complement by
fum'?j: pect:oral fins first appear at 5-7 mm, rays not
GSEE g until metamorphosis; pelvic fins form at 5-7 mm,
omf’:{ﬁon begins st 8 mm with the right fin completing
§ 1;-.1011 before the left, complete comi)lement of rays
ated mm or more. By 10 mm right ge vic fin base lo-
ot fibt?ve body midline on blind side and anterior to
exe-;l% vic fin which is located on midline. Urostyle
facent at about 5 mm; anus shifts forward until it is ad-
oo 2 the base of the left pelvic fin and beneath the
™er of the gut cavity.?

Pigmentation: Clusters of melanophores are usually no-
ticeable on the posteroventral angle of the lower jaw
and at the tip of the cleithrum from about 5 mm
throughout larval development. Pigment begins to ap-
pear over the brain at 6-7 mm. Concentrations of melano-
phores develop on the tips of the three elongated dorsal
fin rays at about 8 mm. Additional melanophores appear
over the dorsal surface of the hindgut at about 4 mm.
Scattered melanophores occur along the ventral body
margin from the cleithrum to the hindgut, this pigment
becoming less concentrated at the pelvic fin bases after
they form (5-7 mm); concentrations of pigment over the
ventral part of the gut cavity increase with age with
several diffuse melanophores appearing near the end of
the hindgut by 8-10 mm. Pigment becomes noticeable
at the tip of the pelvic fin by 5-6 mm. As the larva ap-
proaches metamorphosis one to three prominent pigment
spots appear along the proximal margin of the inter-
neural musculature, after which a general increase in
pigmentation along the myosepta of the eyed side occurs.
In the tail region a distinct horizontal pigment bar ap-
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Fig. 83. Citharichthys arctifrons, Gulf Stream flounder. A. Larva, 3.5 mm SL. B. Larva, 4.5 mm SL. Anterior
doursal rays beginninp to elongate. C. Larva, 5.9 mm SL. Notochord flexed. 1). Larva, 83 mm SL. Elongated

anterior dorsal rays separate distally, pigmented near tips.

pears intermediate to the dorsal and anal bars by 4-5
mm. The three postanal pigment bars remain until meta-
morphosis. Pigment scattered along the ventral body
margin from hindgut to tail tip shifts to distal margin
of the interhaemal musculature; by 10-11 mm two
clusters of melanophores develop along proximal margin
of the interhaemal musculature between hindgut and
ventral horizontal pigment bar; these clusters increase
in prominence until metamorphosis. By about 5 mm
internal pigment spots appear along dorsal surface of
notochord immediately above intermediate postanal pig-
ment bar, remaining apparent until metamorphosis.
Along proximal margin of interneural musculature, sev-
eral, usually 3, clusters of pigment become prominent by

(A-D, Richardson, 8. L., and E. B. Joseph, 1973: fig. 5.}

dorsal

1213 mm, two between abdominal region and i
VI

postanal pigment bar and one posterior to dors
Pigmentation increases along myosepta of body o¢ e}'ﬁ_d
side as metamorphosis proceeds. Melanophores begin
to delineate caudal fin base by about 10 mm an:t Jater
appear scattered over the fin. Pigmentation appc’s @
the dorsal and anal fins first as clusters and then scatter®
throughout.’

JUVENILES

Minimum size about 14 mm SL.

Cas bladder disappears during metamorphosis and ¥ -
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Fig. 84. Cithgrichthys arctifrons, Gulf Stream founder. A. Larva, 11.2 mm SL. Notch through which eye will
migrate forming, B. Larva, 13.8 mm SL. Right eye migrating, antesior dorsal rays no longer elongated, C. Larva,
14.4 mm SL. Eye almost Bnished in its migration. {A-C, Richardson, 8. L., and E. B, Joseph, 1973: fig. 6.}
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14.4 mm SL

Fig. 65. Citharichthys arctifrons, Gelf Stream flounder. A. Juvenile, 144 mm SL. (A, Richardson, S. L., and

E. B. Joseph, 1973: fig. 6C.)

absent in juveniles.

Pigmentation: At metamorphosis, amount of pigment on
head increases, after metamorphosis a general darkening
appears over brain, on lips and later over operculum.
Pigmentation over the gut cavity increases greatly after
metamorphosis and pectoral and pelvic fins become
dotted with melanophores. The amount of pigment lin-
ing myosepta tends to decrease on body and increase in
interneural and interbaemal regions. Pigmentation ap-
pears along lateral line of both sides. In females the
pigmentation increases over ovarian cavity.'

GROWTH

No information.

LSRN IM L=

ot

AGE AND SIZE AT MATURITY
About 50 mm SL.!
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Citharichthys spilopterus Giinther, Bay whiff

ADULTS

D.7T5%84: A, 568°-83;° C. 17, 9+8;' P. ccular side
5-10; scales 41°*-50;° vertebrae 104 23-25;% pill rakers
35 %154 9152 moderate.®

Proportions as percent SL or HL: Body depth 41-53 SL;
head length 26 “-30.6 * SL; vcular side pectoral 13.58-17.0
SL: eye 13.4 **-25 HL; upper jaw 31 *-40.1'% HL.

Bodv moderately elongate, much compressed; ™ head
profile slightly concave; * mouth large, jaw strongly
curved, lower jaw slightly included; ' gape extending
to a vertical through posterior portion of pupil®* Teeth
small,”* in a single row, anteriorly a lkittle enlarged,®'?
anterior teeth widely set, posterior ones closely set.®
Scales small,® finely ctenoid on ocular side,’™ ' cvcloid
on blind side,’® subquadrangular on lateral line; ateral
line nearly straight, gently ascending anteriorly.” Dorsal
fin origin above anterior nostril of blind side; * anal fin
origin slightly posterior to the bases of the pectoral
fins; ** fin rays scaley.©

Pigmentation: Ocular side greenish brown with dark
spots; > a few dark blotches along the base of dorsal
wd anal fins; * fins shaded and motiled with gray; one
obvious blotch on caudal peduncle.s

Maximum length: To 200 mm TL."

DISTRIBUTION AND ECOLOGY
Range: New Jersey to Gulf coast in U.S.; also West In-

dies. Caribbean Sea, and Atlantic coast of South America
W Brazilsas

Fig. 86,

Area distribution: New Jersey 11z

Habitat and movements: Adu‘ntsﬁvery shallow water on
mud, frequently among mangroves.** No clear pattem
of movements (FDM). Secmn te move offshore in winter
in Mississippi; '* in Louisiana inshore all vear but most
common in summer.’ In Texas present in fall and winter
in waters less than 11 m but aESeI“lt in spring and sum-
mer,* absent or rare inshore from October to April; * in
cstuaries in Georgia May to November.'” Eurvhaline ?
but said to prefer higher salinities,’! reported from 0
ppt " to 37 ppt * with a tendency to be in lower salini-
ties only at higher temperatures; 5.0 G '-35 €' reported
to die at 6 C; * found down to 73 m.*

Larvae—in Cape Fear River estuary, North Carolina
January to May {(JWT).

Juveniles—over mud near mangroves; prefers higher
salinities; while not usually cntering brackish outlets 4
capable of tolerating down to between 2.0 and 4.9 ppt;
in Cape Fear River estuary January to May (JWT); 4.9-
10 C lower range, 23.0-29.9 C upper range'® (data
precision not adequate for closer estimation, FDM).

SPAWNING

No information.

EGGS

No information.

Citharichthys spilopterus, Bay whiff. Adult. (Goode, . B, and T. H. Bean, 1895: fig, 370.}
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EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information.

JUVENILES

No information.

GROWTH

No information,

AGE AND SIZE AT MATURITY

No information.

L NSl ol o o
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Etropus crossotus Jordan and Gilbert, Fringed flounder

ADULTS

D. 75-87; #%12 A, (35 %) 58 %-12_68; »7 P, ocular side 8-10,
blind side 7-9;* V. 6;% scales 41 **—48; * vertebrae 9%
10425 +7¢ gill rakers 45°+6-9%7 moderate
length; ** teeth small, uniserial, reduced or wanting in
upper jaw on eyed side,” strongly incurved; * no vomerine
teeth.t®

Body proportions as percent §1. or HL: Body depth 50-
38 §L; head 20-25 SL; eye 22-28 HL,; upper jaw 21-27
HL.”

Body elliptical,® dorsal and ventral profiles about equally
curved, strongly compressed; head short with a very short
snout; ** upper profile of head distinctly concave, nearly
straight in young; '* mouth small,>'" strongly oblique; *
gape 1o a vertical through anterior edge of eye or slightly
beyond.*** Seales large,™* thin,** deciduous,»" with no
seconclary squamation,* ctenoid on eyed side,®®'* cycloid
on blind side; ** lateral line pearly straight®’" Dorsal
fu origin a little in advance of upper eye; anal fin origin
¢ little behind vertical from base of pectoral fins; caudal
fin rounded * or double truncate; " pelvic fins small;
Pectoral fins moderate, one oy ocular side longer than
.that on blind side.”

Pigmentation: Ocular side brown,® grayish brown® or
:olive brown,'* either uniform,* with a single darker spot
-0 caudal peduncle* or blotched.!” Dorsal and anal
fins with rows of dark spots in the central part of each
i or mottled; *1* caudal fin edged in black on some
:rge specimens; ¢ pectoral and pelvic fins on left side

snndted 10
i A e

Maximum length: To at least 169 mm TLM

DISTRIBUTION ANDO ECOLOGY

Range: Chesapeake Bay south through the West Indies
to Trinidad and Venezuela and possibly southern Bra-
il (i synonymous with E. intermedius, JWT), also
throughout Gulf of Mexico, probably on Caribbean coast
of Central America.”

Area distribution: Lower Chesapeake Bay.""

Habitat and movements: Adults—over mud,* sand and
crushed shell with an accumulation of silt ' and along
sandy shores; * inshore all year but most common in the
fall in Louisiana; ¢ least common or absent in January
in Texas; ** most common in fall and early winter with a
sudden reduction in numbers in January with a low
point in June in southeastern U.SY but with a peak in
June off Pinellas County, Florida."t Occur between 4.4
and 36.7 ppt salinity; * 5-34.9 C2 reported to die in the
range 4.0-7.0 C; *“ shore ® to 64 m *"" but seldom deeper

than 33 m."
Larvae—no information.

]uveniles—-in Ceorgia, along beach in 0.5 ppt.”

SPAWNING

Summer,” March o June off Florida,** May in Cape Fear
River estuary (JWT) or winter in Mississippi.*®

Fecundity: About 155,000 eggs in a 99 mm female,’

O

Fig. 7. Etropus crossotus, Fringed flounder. A. Adul, 95 mm SL. (Topp, H. W., and F. H. Hoff, Jr, 1972:

fig. 9.}
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EGGS

No information.

EGG DEVELOPMENT

Neo information,

YOLK-SAC LARVAE

No information.

JUVENILES

No information.

GROWTH

No information.

AGE AND SIZE AT MATURITY

Females mature at about 89 mm, males mature at ahout

91 mm."?

YU 2D
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Etropus microstomus (Gill), Smallmouth flounder

ADULTS

D. 67 21°-82; 2 A, 5021°-83; ¢ C, 4-5-4-4, total 177 4-6-
33, total 18 ** or more probably 9+ 8: 3 P. ocular side
$-12, blind side 8-9;° V. 5 (JWT); scales 37 *—45; 7791
vertebrae 10+ 24-25; 1 gill rakers 3-6+4-7,° short,

.. LT _-1
stout; '* teeth 16

Body proportions as percent SL or HL: Body depth 43—
51 S8L; head 21-27 SL; eye 22-30 HL; upper jaw 24-38
HL.2

Body ovate; ** head small,” upper profile a little concave;
snout blunt; # mouth small, very oblique; ** gape to a
vertical through anterior part of eye.'" Teeth small,
close-set, larger in front.** Scales large*® deciduous.?
ctenoid on eyed side except near lateral line, cycloid on
blind side,* secondary squamation present.”*** Lateral
line nearly straight (JWT). Dorsal fin origin above front
rim of orbit,** caudal fin rounded, pectoral £n on ocular
side much larger than that of blind side.®

Pigmentation: Ocular side uniform brown 2'¢ or reddish
brown »* sometimes spotted or blotched; *? dark pigmen-
tation between orbits and around mouth; 2 a series of
distinct, obscure, blackish blotches along basal portions
of anal and dorsal fins.*

Maximum length: To 152 mm.”

DISTRIBUTION AND ECOLOGY
Hange: New England to Flarida and intn the Gulf of

Mexicy, s

Area distribution: Chesapeake Bight; »* Delaware River
®stuary: ¢ lower Chesapeake Bay.?

Hi‘m"&t_i and movements: Adults—on mud bottoms; 3
(")‘ 0 inshore in Delaware River estuary from June to
bdf’}‘“; 772-32.5 ppt salinity; 13.8-22 C;* to 91 m*
Ut wizally less than 37 m.!

iawj'm‘““g‘” C; ® 0-12 m, modal depth 2 m; most speci-
d:‘;;_ taken within the 37 m ocontour;’ mostly over
Pt of 15-45 m; * found out to 183 m contour,™ oc-

ordly found out to wates 340 m deep because of
Qurrey: ¢ tl'ﬂl'lsport.“

veniloe
] E‘J}i_.b..__nn Sand_y bOttOm.”

SPAwNING

§ ;
.bilt]th _’ff_C}lt_fsapeake Bay spawning may be year round
Pesking in July through Qctober.®

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

Estimated 2 mm SL at hatching to 2.5 mm SL.

Body deep, laterally compressed; head also deep and lat-
erally compressed, caudal region slender; eye pigmented
by 2.3 mm SL; fore-, mid-, and hindbrain distinctly out-
lined by 2.5 mm SL; nasal capsule evident at 3 mm; fin-
fold surrounding body from head arcund tail Yip to the
anus; gut coiled; anus posterior to main visceral mass.?

Pigmentation: A few melanophores scattered along lower
jaw and on ventral body margin from lower jaw angle to
cleithrum; most conspicuous abdominal pigmentation on
the gas bladder; melanophores line ventral body margin
from cleithrum to hindgut; at 2.3 mm SL a band of pig-
ment about two-thirds the distance from anus to noto-
chord tip.!

LARVAE

34 mm SL to 1{-12 mm SL.

Caudal 17 at 7-8 mm SL;' myomeres 11 +24 (NSS);
vertebral ossification begins with abdominal neural
spines, proceeding 1o caudal nearal and haemal spines,
centra begin in posterior abdominal region, ossification
proceeding in both directions; premaxillary, maxillary,
dentary and articular begin ossification by 4 mm SL.
Eye roughly spherical with a ventral cleft from 3 mm SL
to metamorphosis. Left otolith obvious by 10-11 mm SL.
Incipient dorsal fin rays begin to appear in center at 4
mm SL, ossification proceeding in both directions, com-
plete complement by 8 mm SL; incipient caudal fin rays
appear at 4 mm SL, full complement by 7 mm SL; pec-
toral fin rays not appearing unti] metamorphosis; pelvic
fin buds at 5 mm SL, rays at 3-8 mm SL, right complete
before left, full complement by 11-12 mm SL. Urostyle
flexed upward at about 3 mm SL. Anus shifts forward
untl it rests adjacent to the base of the left pelvic fin
and lies beneath center of gut cavity.!

Pigmentation: Pigment on ventral side of head increases
to 8.9 mm SL, decreasing afterward. A group of melano-
phores usually noticeable on posteroventral angle of
lower jaw and sometimes on tip of cleithrum; melano-
phores over hindbrain and midbrain single or in groups
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Fig. 68. Etropus microstomus, Smallmouth flounder. A. Adult, ca. 84 mm SL. B. Larva, 2.5 mm SL. Postanal
pigment band noticeable. C. Larva, 3.5 mun SL. Head proportionally shorter, D. Larva, 4.5 mm SL. Pig-
mentation noticeably increased. E. Larva, 4.2 mm TL. Pectoral fin well developed. (A-D, Richardson, S. L.

and E. B. Joseph, 1973: figs. 3, 8. E, Scotton, L., et al,, 1973; 108)



“from 3.5 mm SL to metamorphosis.  Specimens longer
* than 8 mm SL with scattered melanophores around snout
“and upper jaw and on the operculum. By about 8 mm
S, an internal pigment spot seen beneath lobe of hind-
brain; at 10-11 mm SL a single stellate melanophore on
operculum anterjor to base of pectaral fin. After pelvic
fin begins to form (5-7 mm SL) melanophores no longer
linc ventral body margin at the fin base, but increase in
coucentration under gut. Severa) diffuse melanophores,
the number increasing with age, appear over end of
hindgut at about 3 mm SL. One or two stellate melano-
phores visible on pectoral fin near its ventral origin;
scattered melanophores appear on distal margin of pelvic
fins after formation. Two or three characteristic internal
pigment spots along dorsal surface of notochord zbove
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gut cavity at abont 4 mm SL, remaining until metamor-
phosis. A pigment sput appearing on dorsal body margin
above gut cavity at about 3 run SL, persisting to meta-
morphosis, but moving onto the proximal margin of the
interneural musculature. By 3 mm SL, sometimes before,
the postanal pigment band becomes two horizontal lines
of pigment along ventral and dorsal body margins and a
third line appears along notochord; all three lines per-
sisting until metamorphosis. Melanophores lining ventral
body margin from gut to notochord tip, shifting to distal
margin of interhaemal musculature as development pro-
ceeds. One prominent ventral pigment spot appearing at
3 mm SL one-third distance from hindgut to postanal
pigment bars. A second prominent ventral spot appear-
ing at about 4 mm SL halfway between first spot and

k' ) -_— -
. * - - -.-«r‘*‘e.*
m ) . - 4
A -7 g e 5.9 mm SL
A ity L — },, ) .
A

10.6 rmm SL

Fig. 69. Etropus microstomus, Smallmouth flounder. A. Larva, 5.8 mm SL. Notochord flexed. B, Larva, 8.3 mm

SL. Dorsal insertion moved forward to a position aver the eye;
traces of the darsal notch through which the eye will migrate.

figs. 8, 4.

tvic fins formed. C. Larva, 10.6 mm SL. First
A-C, Richgrdson, 8. L., and E. B. Joseph, 1873;
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postanal bars. At location of these two ventral pigment
spots and ventral postanal pigment bar, melanophares
form several vertical lines along septa of interhaemal
musculature from proximal to distal margin, appearing
at about 5 mm SL, persisting until metamorphosis. Along
dorsal body margin one prominent spot appearing at
about 3 mm SL and another by 6-7 mm SL between gut
cavity and tail tip, opposite those on ventral margin. Up
to metamorphosis these spots may appear as a cluster of
melanophores, a horizontal line or a vertical line extend-

 eas

D" N

ing onto interncural musculature. An increase in pig-
mentation along mvosepta on eyed side as metamorphasis
approaches.’

One to three prominent melanophores may be seen ox
distal edges of finfold dorsally and ventrally on larvae up
to about 5 mm SL. Scattered melanophores may be
present along ventral finfold up to fin formation (6-8 mn
SL); scattered melanophores form at edge of caudal i
base as soon as it forms (5-6 mm SL), later melanophore

Fig. 70. Etropus microstomus, Smallmouth flounder. A. Larva, 10.9 mm SL. Eye migrating. B, Juvenile, 11.4
mm SL. Eye migration complete; pectoral fin reduced in size. C. Juvenile, 127 mm TL. Upper eye shifted
posteriorly somewbat. (A-B, Richardson, S. L., and E. B. Joseph, 1978: fig. 4. C, original drawing by Nancy

Schenk Smith.)
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Fig. 71. Eitropus microstomus, Smallmouth flounder, A. Juvenile, 41 mm SL. {Richardson, §. L., and E. B.

foseph, 1973: fig. 7.}

becoming seattered throughout fin and sometimes deline-
ating fin base. Melanophores begin to dot both dorsal
and anal fins at about metamorphosis, first appearing in
groups and later scattering throughout.!

JUVENILES

10-12 mm SL to 50 mm SL;!* myomeres 11 +25 (NSS).

Pigmentation: After metamorphosis head pigmentation
bpmrnes less pronounced; a general darkening occurs on
]lps and over brain, later snout darkens and opercular
Pigmentation increases. Gut cavity becomes darkened
on eved side; pigmentation increases on pectoral and pel-
vic fins; pigmentation disappears along myosepta on in-
ternewral and interhaemal regions. Concentrated blotches
of pigment along proximal portions of dorsal and anal
fns. Caudal fin base delineated by pigment. Pigmenta-
ton along interneural and interhaemal myosepta and
along lateral line increases.!

CROWTH

Averaye standard length increases from 62 mm in late
July =, 84 mm by mid-October.”

AGE AND SIZE AT MATURITY

Mature by 50 mm SL.*

B GO b

o

10,
1.
12,

13.
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Hippoglossina oblonga (Mitchill), Fourspot flounder

ADULTS lateral] line 83-81; ' vertebrae 11 +30-31; #12 gill raken
1-2¢ (plus 2-5 rudiments}+7-10%2 (usually 8 or §,

D 71 1‘2'9-86; rze.2.2 A BE.TY e ()’31‘01}' to 76 2]'23); moderately IODg,Z thick, 12t

C. 1 +948+0-1, total 18-19; # P. 10-12; ** scales about ‘

95,22* more than 90, scale rows over straight portion of  Body proportions as percent SL or HL: Body depth 3844

A Adultc

Fig. 72. Hippoglossina oblonﬁa, Fourspot flounder. A, Adult, length unstated. B. Egg, diameter unstated, al

blastopore closure. C. Egp, diameter unstated, chromatoblasts present but unpigmented. D. Egg, diameter un-
stated, melanophares 'igmcnted, yellowish pigment on body. E. Egg, diameter unstated, xantl‘aop%wres round In
tail, yellow pigment &f use in rest of body. F. Egg, diameter unstated, just prior to hatching, vellow pigment
becomes reddish brown in finfold, in patches, that of boedy remains yellow ang diffuse, melanophores dendritic,
{A, Stores, D. H., 1867: pl. 81. B-F, Agassiz, A., and C. O. Whitman, 1885: B, delineated by Elizabeth Ray

Peters.)



§L; head 25-29 SL; eve 25-30 HL; upper jaw 44-50 HL.2

Bodv oblong, much compressed; **' head short®' upper
profile straight or slightly concave above eyes; ** sharp
ridge hetween eves; mouth terminal, large, with project-
ing lewer jaw; gape to a vertical through posterior cdge
of pupil ¥ Teeth in upper jaw numerons, small, cJose-
set. with 4-3 canines anteriorly; ©' lower jaw with 7-8
teeth on both sides, largest in front.” Scales small,
weloid; lateral line similar to that of P. dentatus (JWT),
Origin of dorsal fin hehind *? or over anterior edge of
orbit; *7 caudal fin moderate and rounded: anal fin
origin under tip of gill cover; pectoral fins small. rounded.
hase hehind and slightly below tip of gill cover.®

Pigmentation: Ocular side brownish grav ** or brown-
isht+ generally  mottled ®# having 4 conspicuous
ocelhi,)*** each surrounded by a pinkish arca.** anterior
bwor spots near midpoint of bodv and near dorsal and
ventral margins, posterior two just in front of the caudal
peduncle.- 522

Maximom length: To about 40¢ mm. 17

DISTRIBUTION AND ECOLOGY

Range: Georges Bank to Tortugas, Florida.>#22

Area distribution: Chesapeake  Bight,”*'+2*  Delaware
River estuary, Chesapcake Bay.”

Hahitat and movements: Adults—reported from winter
temperatures of 8.9-13.9 C. Reported from shallower
depth in north and greater depth in southemn parts of
Tange: 2 Massachusetts down to 27 m,’* Rhode Island
%27 m.* New York to depths greater than 37 m, North
Caroling 37-91 m.'* Florida 201402 m,* usually deeper
than 274 mn; 12 greatest reported depth 437 m.
L"‘“_"at‘-—planktunic,""“ from temperatures of 6.2 €2
205 %% peeur to edge of continental shelf, but most
“mmon on middle shelf.2

eqei! . .
Juvenilos—no information.

SPAWNING

Loeation: Ogeurs at depths of 35-80 m.?
: Scasn:;_

- Late ine ® , 1.20,22 3.4.6.8.15
and g, e spring * {May ) through summer

! {through October *) or perhaps into December.?*

f';relhi;“""ﬂture: Seems to occur at 6.2-9.0 C* but eggs
/NG up to 20,0-22.4 C.¢

'EGGRS
: Im‘;;‘-”a”:“ H1-L.12 mm,” mean diameter .95 mm,!
TRRT

or 1.04 mm; ** nonadhesive; ** oil droplet

-8l fe Losas, . _ .
e, '7.10 41519 mm " mean diameter .15 mm.!*1¢
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EGG DEVELOPMENT

At 21.1 C: 38 hours after fertilization—tail bud formation;
at this time melanophores first appear as minute flecks
rather uniformly scattered over embryo and, to a lesser
extent, over yolk mass. Xanthophores at 42 hours after
fertilization, remain prominent through later develop-
ment, first appear as diffuse blotches with irregular
locations of appearance.!

Temperature unstated: Prior to free tail bud diffuse
vellow as traces on body; immediately after free tail bud
small round black dots appear. Considerable develop-
ment of xanthophores prior to hatching. At about
hatching small round black dots few in number and
nearly evenlv spread over yolk sac. head and hody:;
finfoldl over anterior portion of caudal peduncle with a
few melanophores. Xanthophores more numerous and
2-3 times larger than melanophores; volk sac with only
a few xanthophores and none in ventral half; oil globule
with 1 or 2 xanthophores and 10 or more melanophores.
Xanthophores evenly distributed on head and trunk,
stopping short in front of end of tail. Dorsal finfold
xanthophores form a single row along margin of the
middle third; halfway between vent and tail tip a cluster
of xanthophores above and one below the axis of the
tail; only 2 or 3 xanthophores in ventral finfold between
vent and paired caudal clusters.!?

Incubation period 8 days at 10.6-13.3 C**° 54 hours at
211 C»

YOLK-SAC LARVAE

Hatching size 2.7-3.2 mm."

At 24 hours after hatching. volk sac greatest length
32.2% TL; y()}k sac to vent distance 6.4% TL: postanal
length 530.0%2 TL; greatest body height 17.7% TL."™

Body comparatively long at hatching.’® Anus opening at
margin of finfold.*!'*

Pigmentation: At hatching, melanophores dendritic *'?
or granular, evenly scattered over head, trunk and yolk
sac; '' xanthophores in dorsal finfold form brownish
yveHow blotches and whole body with a diffuse yellow
hue.rs Halfway between vent and tail tip melanophores
slightly more dense so as to suggest a vertical band ex-
tending onto both finfolds; ' rest of finfold and tail
unpigmented ' or with one blotch near tip of tail. Yel-
low pigment much reduced at 80 hours after hatching®
Eve becoming more pigmented as votk absorption pro-
gresses,’ may have blue pigment at 60 hours after
hatching™*

LARVAE

4.0 mm* SL to 11 or 12 mm.**
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Vertebral centra not all ossified by 7.0-85 mm SL,
11 4+ 30-31 at 9 mm SL; body becomes rounded in dorsal
and ventral outline at 11.0-12.0 mm SL: right eyes begin
migration at 10.0-11.0 mm SL. Dorsal fin rays become
evident at 8 mm 5L, complete complement by 10.0 mm,
origin moves anteriorly and slightly toward blind side
at 11.0-12.0 mm SL; anal fin rays evident at about
6 mm SL, complete complement by 10.0 mm SL; caudal
fin rays evident at about 6 mm SL, formation complete
by 7.0-8.5 mm SL; pectoral buds present at 4.0-5.5 mm
SL; pelvic fins not present at 4.0-5.5 mm SL, incipient
rays at 10.0 mm SL, complete formation by 11.0 mm SL;
finfold evident around body at 4.0-5.5 mm, remnants at
6.0 mm SL. Scale formation begins at 11.0-12.0 mm SL;
notochord flexion at about 8 mm SL; anus less than half-
way back on body at 4.0-55 mm SL; shifts further
forward at 5.5-7.0 mm SL, continuing to move forward
at 11.0-12.0 mm SL."

Pigmentation: 4.0-5.5 mm SL—inost conspicuous mark-
ing a pigment band extending from dorsal to ventral
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body margin, sometimes onto finfold, halfway betwer
anus and notochord tip, posteriority, tail devoid of pig
ment. Melanophures also concentrated over hindgut and
along ventral body margin from hindgut to pigmen
band; some pigment scattered over head, around moutl.
along ventral margin of gut cavity and over viscera; ew
heavily pigmented. '

5.5-7.0 mm SL—postanal pigment band spreads anter;
orly and posteriorly, but still concentrated between hind:
gut and tail tip. More pigment scattered over gut region
and along ventral body margin posterior to hind gut

7.0-8.53 mm SL—pigment covers entire caudal regio
from hindgut to near base of caudal fin.

8.5-10.0 mm SL—pigment over caudal region still emphs-
sized. Additional pigment covering viscera, melan-
phores scattered over anal and pelvic fins.

10.0-11.0 mm SL—pigment more heavily concentrated
on caudal region, except for a small unpigmented zone

Fig. 73. Hippoglossina oblonga, Fourspot flounder. A, Yolk-sac larve, 29 mm TL. B. Yolk-sac larva, 2.8 mm
TL, showing variation in head shape and pigmentation. C. Yelk-sac larva, 3.2 mm, yolk nearly absorbed. D.
Larva, 3.2 mm. (A-C, origingl drawings by A. ]. Lippson. D, original drowing by O. Sette.)
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Fig. 74. H ippoglossina oblonga, Fourspot flounder. A. Larva, ]en§ﬂ1 unstated, listed as 80 bours old but more

developed than the other 80 hour figure, B. Larva, length unstated,

“somewhat older than” previous Bgure. C.

Lar\rra, 11.7 gsnm TL, eye approaching final position. D. Juvenile, 25.4 mm TL. (A-B, Agassiz, A, and C. O.
Whitman, 1885: pl. 15; delineated by Elizabeth Ray Peiers. C-D, original drawings by Nancy Schenk Smith.}

._ :;5’3‘ .af caudal fin; melanophares have spread dorsally
: “entrally along bases of dorsal and anal fins and
0t oy both #ns.

;},ﬁj"“ mm SL-blind side begins fading, caudal
oy 0f body remaining noticeably darker than head
acter(i;ﬁf f’m‘n region. The anterior pair of four char-
near ;}‘_’Z{ SPots becomes prominent (not yet ocellated)
dorsa) ‘;]. Y midpoint; several other dark areas scen near
g s behind head and near anal fin over hindgut;
Plgment concentration coincides with scale formation.

Additional melanophores appear along proximal portions
of dorsal and anal fins.®

JUVENILES

No information.

GROWTH
80-160 mm by September of first year.!
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AGE AND SIZE AT MATURITY

No information.

[
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Monolene sessilicauda Goode, Deepwater flounder

ADULTS

D. 92-107; A. 76 '-84; ** P. 11-14 on ocular side, no pec-
toral fin on blind side; scales 88-94 about 72 of these
on the straight portion of the lateral line; * vertebrae 10—
1114 35-36; * 5-10 moderate length gill rakers on lower
limb.?

Budy proportions as percent HL or §L: Head 17-22 SL;
budy depth about 30-39 SL;? eye about 25° to 32 HL;
upper jaw 25-30 HL.

Body thin; ° gape to a vertical through anterior part of
eve. Scales on ocular side subeircular with an irregular
outline, ctenoid; on blind side oval, cycloid.” Lateral
line on ocular side curved over base and anterior two-
thirds of pectoral fin. Fins with scaly bases; dorsal fin
origin on snout even with the anterior margin of the
lower eye; anal fin origin between tips of pelvic fins and
under insertion of pectoral fins; caudal fin sessile,
rounded; pectoral fin present on ocular side only; pelvic
fins on median ventral line, equal in length.®

Pigmentation: Ocular side tan to brownish with several
large blotches arranged as bands across body (banding is
dependent on retention of body scales). When present,
bands arranged as follows: anteriormost from na
across distal part of opercle; second under pectoral fin,
third just in front of body midpoint; fourth just behind
body midpoint; fifth before caudal peduncite. A large
dark blotch on center of caudal fin (may appear as two
bards) and several large blotches along dorsal and anal
in bases. Pectoral fin with light base, numerous black
:Pots, and blotches forming crossbars on lower half of
ﬁn, UP[JEI' half ]ight_l

Mazitum length: To 170 mm TL.

DISTRIBUTION AND ECOLOGY

Range: Atlantic coast of U.S. from New England to
Florida; Gulf of Mexico.!*

Area distribution: Off New Jersey.»*

Habitat and movements: Adults—reported in winter tem-
peratures of around 10 C and from depths of 30 m? to
1318 m.*?

Larvae—found near continental shelf edge.®

juveniles—no information.

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

Specimens 5.7 to 29.5 mm SL showed no evidence of
impending metamorphosis.?

Fig. 75. Monolene sessilicauda, Deepwater flounder. A,
189s; fig. 8357a.)

Adult, length unstated. (Goode, G. B, and T. H. Bean,
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¥11.6 mm SL

Fig. 78. Monolene sessilicanda, Deepwater flounder. A. Larva, 7.3 mm SL, rays in finfold beginning formation.
B. Larva, 7.9 mm SL, most rays in vertical fins formed. C. Larva, 11.8 mm 5SL; notochord Elemd, dorsal ten-
tacle broken. (A-C, Futch, C. R., 1971: figs. 2, 3, 4.}
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23.0 mm SL

Fig. 77. Monolene sessiticauda, Dreepwater fiounder. A. Larva, 143 mm SL, fn rays complete or very nearly so.
B. Head of larva, 23.0 mm SL, showing development and pigmentation of dorsal tentacle. (A-B, Futch, C. R.,

1871: figs, 5, 6.)

P;""d]'“lu’__ fyomeres 10, postanal myomeres 35-36; verte-

twae i 35-36, neural and haemal arches appear be-

asseﬂ_i 73 and 79 mm SL with all vertebrae and
“¢iaied arches present by 14.3 mm SL.2

Pustanza

{length 57-69% SL; body depth 58-75% SL.?

Body compressed, diaphanous; teeth variable in size and
abundance; nasal capsule evident at 7.9 mm SL. tubular
nostrils at 29.5 mm SIL.. First dorsal fip ray long, dorsal
fin ray proliferation occurring between 7.3 and 7.9 mm
SL; starting at mid-fin and diverging, full ray complement
by 14 mm SL; anal fin begins at 7.3 mm SL with devel-
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Fig. 78, Monolene sessilicauda, Decpwater Hlounder. A. Larva, 29.5 mm SL, membrane on dorsal tentacle de-

generating. (A, Futch, C. R., 1971: fig. 7.)

opment proceeding posteriad; caudal fin ray formation
starts between 7.9 and 11.8 mm SL, complete between
11.7 and 14.3 mm SL; pectoral fins small, fleshy based;
not differentiated into adult form at largest size avail-
able; pelvic fins symmetrical, 8 rays, posterior to cleithral
symphysis on long basipterygial cartilage, development
occurring between 11.6 and 143 mm SL; notochord
flexure between 7.9 and 11.6 mm SL. Gut with a single
Ioop, rugate at 2.5 mm SL; gas bladder persisting in afl
sizes available; liver large, occupying most of body cavity
anterior to gut.’

Pigmentation: Sparse, irregular; one specimen with mel-
anophores on upper peritoneum; one with scattered
melanophores over right side of neurocranium; one with
seven areas of pigment on first dorsal fin ray and
attached tissue sheath.?

JUVENILES

Still juveniles at 72 mm SL.

D. 98-102; A. 76-8I; P. 12 on ocular side, 4-5 on blind
side; scales about 120.°

Body depth about 33% SL; caudal peduncle depth about
7% SL; head 18% TL.®

Body thin, divided into 3 longitudinal tracts by depres-
sions at the base of the rows of interspinous processes;
mouth small with upper jaw somewhat hooked; lateral

line straight on both sides. Dorsal fin inserted in ad
vance of eyes; pectoral fins inserted near gill opening far
bhelow the lateral line, that on blind side much shorter
than ocular side; pelvic fins on ventral margin. Scales
small, thin, deciduous.®

Pigmentation: In life nearly colorless, transhicent with
three blackish longitudinal stripes or lines on the kft
side. The stripe running from the gill opening to the
base of the tail less prominent than those present at the
bases of the interspinous processes. On the blind side.
both lateral stripes are present. Eyes black.®

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.

LITERATURE CITED

Gutherz, E. J., 1967:8.

Futch, C. R, 1971:1-14, -

Edwards, R. L., R, Livingstone, Jr., and P. E. Hamel
1962:8,

Fowler, H. W., 1052:142,

Goode, G. B., and T. H. Bean, 1895:452-455.

Smith, W. G., J. D. Sibunka, and A. Wells, 1779

Longley, W. H., and S. F. Hildebrand, 1941:4%

N ot Lobo



Bothidae—lefteye flounders 157

Paralichthys dentatus (Linnaeus), Summer flounder

ADULTS

D S[)].::.w,.w_%; L8 A 608,1u,25.:€2_‘?5; a2 C 1_1_94_8_}_
= Po 11 *<13; ** scales 91 *~108,* 61-73 in straight
pertion of lateral ling; * vertebrae 10 #'-11 - 30-31; gill
rakers 3-7 **{usually 5 or 6)+13-18 {usually 15 or
more),* long and slender; 7 16-28 dentary teeth on ocular
side.”

Budy proportions expressed as percent SL or HL: Body
depth 41 9147 SL; * head length 24 '*-34 SL (decreasing
with growth); maxillary 12-16 SL * or 45-53 HL.*

Body maderately elongate, dorsal and ventral outlines
ahout equally convex,’® greatest depth at about nidway
in length, caudal peduncle deep, compressed;? head
large, with a puinted snout,™1¢ upper profile straight; #*
mterorbital flat; mouth large, oblique, the jaws somewhat
curved; ™" gape to posterior margin of pupil by 125 mm
sL1*7 to posterior margin of eye by 200 mm SL; =
bevond posterior margin of eye at lengths greater than
00 mm SL.1? Teeth large, pointed.” Scales small,’®
eveloid 210,82 secondary squamation present.” Lateral
I with  short, prominent  anterior arch.'  Fins
sealed,* origin of dorsal fin over or slightly in advance
“f npper eve; caudal fin rounded under base of pectoral
fins; pelvic fins symmetrically placed under and bhehind
margin of opercle. 1

Piomentation: Color variable depending on background.
‘g from nearly white through gray, blue. green.
Jnnge. pink and brown to almost black; 2 usually with
1213 dark spots having white edges,”* five of these spots

‘Tanged as two triangles with a common apex on the
lttera] line, 1210

Maximum size: To 900 or 950 mm SL #1014253 and to
veights of 13.6 kg 22425 to0 13.8 kg.'?

DISTRIBUTION AND ECOLOGY

Range: Atlantic coast of U.S. from Maine to Florida,*"

W stray specimens reported from Canada,® two others
"*Ported from Texas.s

Yea  distribution: Throughout the Chesapeake
.lght,-:'.J ST within Chesapeake BaV 1,26 fmm Annapoiis
sl - )

iiigu't"f’gé movements: Adults—shore v.r_a_ter"J over
Pling.. - ' h.ard_b(’ttOU“lS,I mud,f-”’ grass 1** or around
mig‘rzlé;., also in tidal channels of salt ponds.** Adults
.s[m.tgl..]..l()ffshore during winter 11477121 gp ip IT}OI‘E
'Summ;-.;‘\ waters may remain near shore; * very lltt].e
Trate o, ovement; ' apparently some individuals mi-
7% preat distances.® From fresh or nearly fresh-

water *5* to 37.0 ppt; ** 6.6 C *-31.2 C; *2 summer, 4-36
m; winter, 36183 m.1?

Larvae—newly hatched, near the bottom, later appear-
ing as plankton in upper layers; ! possibly partially ben-
thic in that when not actively swimming, they may drop
down to the substrate; ** 0.02-35.0 ppt salinity; 2-22
C; *" early larvae concentrate at 22-57 m depth; mostly
22 to 83 km offshore but at times as much as 111 km.**

Juveniles-—estuarine; ¥ move into brackisk or estnarine
environments shortly after metamorphosis; ** at about
125 mm SL they begin to move back to marine salin-
ities.! mav move into oceanic waters in summer months,
overwinter in Pamlico Sound (ABP); 0.02-37 ppt salinity;
2312 C.

SPAWNING

Evidence indicates three nearly independent spawning
populations, one north of Delaware Bay, another in the
region of Virginia to Cape Hatteras, and a third south of
Cape Hatteras.®

Location: Occurs during offshore migration ¥ mostly at
depths of 20-48 m = and at 22-61 km offshore off New
Jersey and Delaware, 65 km oftshore off Maryland and 9
to 19 km off North Carolina.?®

Season: North of Chesapeake Bay, September to Decem-
ber, south of Chesapeake Bay, November to February 2 2?

Temperature: Spawning occurs mostly between 12 and
19 C,** eggs abundant at 14,0 C.**

EGGS

Near surface; *® spherical, transparent, with a rigid shell;
diameter 0.90 "-1.13 mm," mean of 1.02 mm; yolk amber
and translucent in reflected light, white and opaque in
transmitted light; one oil droplet. sometimes several
smaller ones around the main onc ™ (possibly artifacts of
handling, JWT), .18-.31 mm diameter; perivitclline space
about 6% egg radinus.*?

EGG DEVELOPMENT

Oil globule at the vegetal pole during early develop-
ment, opposite the blastodise. Notochord and anlagen of
eyes discernible at blastopore closure; embryvo extending
about half the circumference of the volk mass: neither
pigment nor myomeres apparent. Embryo partly out of its
axial plane at blastopore closure (about 54 hours). Myo-
meres evident but difficult to count after blastopore
closure, 14-17, most evident at mid-embryo.®®
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0.8 mm

Fig. 79. Paralichthys dentatus, Summer flounder. A. Adult, 592 mm SL. B. Egg, 0.8 mm, ventral aspect upper-
most, less than 32 hours after fertilization, €. Egg, 0.8 mm, ventral aspect uppermost, blastopore closed, somites
visible, optic cups developing between 32 and 54 hours after fertilization. D). Egg, 0.3 mm, ventral aspect up-
permost, piﬁent developed, between 32 and 54 hours after fertilization. E. Egg, 0.8 mm, ventral aspect upper-
tching. F. Yolk-sac larva, 2.78 mam NL, 75 hours after fertilization of ebggs. {A, Norman, J. R,
y Eli

most, near
1934: fig. 39. B-F, Smith, W. G., and M. P. Fahay, 1970: figs. 1, 2. B-F, delineated izabeth Ray Peters.)



Granular melanophores first appear randomly scattered
on the trunk of the embryo. Head and posterior trunk
usually devoid of pigment, though some may have a few
melanophores. Pigment usually lacking on yolk sac but
may ocewr sparsely along embryonic axis and around oil
globule. About 20 sumites visible at this stage.'* Pig-
mentation of trunk and head increases and caudal region
becomes pigmented at about the time the tail becomes
free from the yolk sac. Tail extends to or overlaps oil
globule and posteriorly the embryo curves laterally out
of its axial planc. Melanophores apparent on periphery
of ventral two-thirds of yolk sac¢; in some individuals,
these melanophores dendritic, in others granular, 27
myomeres visible.??

Atter bending out of the axial plane, the eves become
defined but remained umpigmented. Somites increase
from 27 to 39-41 at hatching. Before hatching oil glob-
ule located at margin of anal finfold near the developing
vent. As development proceeds, melanophores become
increasingly dendritic on the trunk and even more so on
dorsal and anal finfolds, which continue to widen. Pig-
ment js randomly distributed on the embryo except for
the pasterior tailbud and caudal finfold, which are clear.
Although the head has additional pigment, the melano-
phores are more granular than those on the trunk and fin-
fold. Pigment on volk varies between specimens but is
less proncunced than that on embryo.’™

_Igmbation period 58 hours at 22.9 C* 72-75 hours at
175 C (average),’»** and 142 hours at 9.1 C; under nat-
L}I"dl temperature regimes, 74-94 hours. Temperature
limits unknown, but development seen at 9.1 to 229 C*

YOLK-SAC LARVAE

Hatch ot 2.41-2.82 mm notochord length, volk abscrbed
at 3.18 mam SL.

Total myomeres 36-41; at hatching, eves and snout to-
gfither equal about 14% notochord Ieng,:th, yolk mass 30%
sL‘ At hatching, body long, thin and compressed except
dﬂt o'k mass, where it is round in cross-section, head
“ed ventrally and snout protrudes ouly slightly; finfold
10ad, dorsal fin origin over otocyst, margin slightly con-
e dursally and ventrally at peduncle and at location
o anv; preanal finfold prominent. Notochord straight;
fut “‘_"f‘-ﬂfﬂrmed at hatching; anus not extending to mar-
gfn of finfold. Mouth a shallow depression at 3.15 mm,
Vell Ervned by completion of yolk absorption. Eye pig-
ment #upears at 3.1 mm NL. Otocyst visible at all stages.
w38 bulge of midbrain becomes prominent at 3.15 mm
LA pair of dorsal cranial spines present.’®

Plgme*liilﬁOn: Dendritic melanophores are present on
o dan?f.*rmr half of anal finfold and anterior two-thirds
me orsal finfold. Anterior three-fourths of body pig-
: Mted; finfold and body pigmentation end abruptly,
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leaving posterior quarter of larva fmmaculate. Cranial
pigmentation: includes melanophores on snout, overlying
midbrain and an area anterior to yolk and ventral to
eye. A few melanophores or anterodorsal portion of
yolk; 6il globule unpigmented.”

LARVAE

Yolk absorbed by 3.16 mm SL** and metamorphosis
completed around 15 mm SL.”

Dorsal fin rays: 0-2 at 6.00-6.83 mam NL; 2-10 at 7.00-
7.92 mm NL; 5-13 at 8.00~-8.83 mm NL,; 9-88 at .17 mm
NL~-10.08 mm S$L; complete adult count in all above
10.50 mm SL. Anal fin rays: 0~3 at 8.00-8.83 mm SL; (-
64 at 917 mm NL-10.08 mm SL; adult complement in
all specimens over 10.50 mm SL. Caudal fin rays: 5-4 at
7.00-7.92 mm NL; 13-16 at 8.00-8.83 mm HL; I13-18 at
9.17 mm NL~10.08 mm SL; adult complement by 10.50
mwm SL, 8 epaxial, 5 hypaxial and 1 faintly visible epaxial
procurrent ray. Pectoral fin buds present during or just
after volk sac absorption, 3.12 mm NL, appearing as
ovate flaps. At 3.16 mm NL pectoral fin one half fleshy
pedicel and half fin membrane; actinotrichia evident at
4.55 mm NL; no true pectoral fin rays prior to 12.60 mm
SL. Pelvic fins represented by low buds on ventral out-
ling immediately posterior to cleithrum at 9.47 mm NL;
6 rays visible at 12.14 mm SL.** One study contradicts
these sequences in stating that adult fin ray counts are
complete by § mm SL.** At 5.47 mm NL 39 vertebrae, 41
at 947 mm SL. Branchiostegals evident at 5.64 NL, &
present, posteriormost 3 longer and directed posteriorly,
anteriormost 3 directed posteruventrally in larger larvae. '

Proportions as average percent of NL or SL: Head length
23 NL at 4.12-4.55 mm NL, increasing to 25-27 in speci-
mens larger than 7.00 mm NL; eve 68-8 NL; preanal
length 48 NL at 2.41-2.96 mm NL, changing to 30 SL at
12.08-13.08 mm SL; body depth 14 NL at 2.41-2.96 mm
NL to 41 SL at 12.08-13.08 SL.\%

Body slim, serpentine at 3.18 mam NL, rounder at 453
mm NL, compressed somewhat at 7.5-8.5 mm NL. Gape
to a point ventral to anterior edge of eve; angular promi-
nent; maxilla first visible at 4.55 mm SL; teeth first
visible at 9.47 mm NL. Eye migration may begin as
early as 9.5 rom SL. In smallest larvae, choroid fissure
evident in the dorsal edge of the iris, at 3.16 mm NL
bath a dorsal and ventral fissure present, thereafter only
ventral fissure present. The two otoliths maintain a posi-
tion slightly ventral to the center of the oval otocyst at
all stages. Dorsal bulge of midbrain prominent, fore-
brain first visible at 3.16 mm NL, hindbrain indicated by
thickening posterior to the midbrain at 4.5 mm NL. Dor-
sal finfold shifts forward to originate over eve rather
than otocyst. At 4.53 mm NL preanal finfold a remnant.
At 9.5 mm SL remnants of finfold persist dorsally and
ventrally on caudal peduncle. Notochord flexes at 9.47
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8.64 mm NL

v~

9.47 mm NL

Fig. 80, Paralichthys dentatus, Summer flounder. A. Yolk-sac larva, 8.12 mm NL, 12 hours after hatching,*yt)lk
reduced. B. Larva, 3.18 mm NL, 96 hours after hatching, pectoral Bn present. Q. Larva, 4.55 mm NL, from
lankton. IJ. Larva, 8.64 mm NL, from plankton, anterior dorsal fin rays differentiated. E. Larva, 8.47 mm NL.
rom plankton, flexion occurring, caudal and anal fin mys forming, (A-E, Smith, W. G., end M. P. Fahay, 1970:
figs. 8, 5, 6, 7, 8. A-B, D-E, delineated by Elizabeth Ray Peters.)



mm NL. Anus formed at yolk absorption, located at
margin of finfold and directed posteriorly.?

Pigmentation: A well defined band of black pigment
along the border of anterior four-fifths of dorsal fin and
anterior two-thirds of anal fin.* At 3.16 mm NL caudal
finfold unpigmented except for a few melanophores at its
base. The veniral band of pigment well developed but
dorsal band not.'®

At 45 mm NL, pigment spots appear on ventral edge of
body, gut and throat, also present on lower jaw, pre-
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opercle, midbrain, dorsolateral surface of body and fin-
fold. Pattern persists through 8.64 mm NL where, in
addition, melanophores are preseat dorsally along the
peritoneum and on posterclateral portion of gut. At 9.47
mm NL-12.60 mm SL similarly pigmented; melanophores
retaincd on ventral edge of gut, throat region, lower jaw,
and dorsum of head; ventral row posterior to gut consists
of 10-13 distinct spots; along body dorsal edge 6-8 wide-
ly separated spots present; usually 3 prominent melano-
phores posteriorly and a varying number of smaller spots
anteriorly on mid-flank. Peritoneal pigmentation dense

Fig. 81. Paralichthys dentatus, Summer flounder. A. Larva, 9.47 mm SL, fin rays complete. B. Larva, 10.4 mm

5L, eye almost in position. C. Larva,
Nate differences in color pattern. (A, C, Smith, W. G,
1958: fig. I13)

12.14 mm SL, eye not in as advanced stage of metamorphesis as fig. B.

and M. P. Fohay, 1970: figs. 9, 10, B, Deubler, E., Ir.,
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UL

12.60 mm SL

)

Fig. 82. Pgralichthys dentatus, Summer founder. A. Larva, 12.80 mm SL, eye nearly fimished in its znigration.
(A, Smith, W. G., and M. P. Fahay, 1870; fig. 11. Delineated by Elizabeth Ray Peters.}

dorsally; pigmentation of posterolateral portion of gut
consisting of 3 stellate melanophores. At 12,34 mm SL a
large melanophore appears on the side of the head and
a single melanophore is present on the mid-flank, im-
mediately posterior to the cleithrum. Pigmentation of
median fins is most evident proximally, being more
dense on anal fin. At 12.60 mm SL dorsal and anal fins
equally pigmented with melanophores situated between
rays.*®

JUVENILES

In a 77 mm TL specimen scales complete.

Pigmentation variable, as in adults, some almost plain
brownish with traces of dark spots, others variously
speckled and spotted.**

GROWTH

23-61 mm in May and June to 76-127 mm in late July
to 118-180 mm in December and January.1*25 At about
one year 120-180 mm,” 203-254 mm ** or 114-178;* at
slightly more than two years 270-280 mm,"* 254 mm.}
Another, more detailed study gave average lengths as
follows: age class I, males 251 mm SL., females 271 mm
SL; age class I1, males 343 mm SL, females 384 mm SL;
age class I1I, males 401 mm SL, females 477 mm SL; age
class IV, males 446 mm SL, females 534 mm SL.%8

AGE AND SIZE AT MATURITY
Smallest reported with roe, 420 mm TL."*

-
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DevELoPMENT 0F FIsHES oF THE Mimp-ATrantic BicHT

Scophthalmus aquosus (Mitchill), Windowpane

ADULTS

D. 63 %zt 7] maven (F3 a8y firgt 12-15 free and
branched at tips; *'* A, 46 %71225.55; 21228 G, 17,22 9+
8; t P. (ucular side) 9-12.' usually 11; 2* V., 8; *° scales
85:-95%% (100° 1027); vertebrae 11214 (22 23-
25 1412 (26 1°); gill rakers §=04(18'%) 22-26, long’®
slender.‘z,]u,‘m

Body proportions as percent SL or HL: Body depth 60—
70 SL; head 25-30 SL; eve 17-25 HL; upper jaw 45 HL.?

Body rhomboid * or broadly ovate®’® much com-
pressed; 7% snout short; " mouth large,“'* nearly ver-
tical, lower jaw projecting with a bony knob at chin; ’
gape to a vertical through middle of eve or beyond.="*
Teeth small, uniserial laterally, in a band anteriorly,™*
uniserial in both jaws® vomerine teeth similar to jaw
teeth.’ Seales cycloid,”?*%%% gmall,** those on blind side
smaller,’” scarcely imbricate.*™ 2 Lateral line with a
prominent arch anteriorly.®” Peivic fin bases extending
onto urchyal; ? dorsal fin origin nearer tip of snout than
eye; anal fin origin between tips of pelvic fins; pelvic fins
small,” broad based, not tapering.®

Pigmentation: Ocular side greenish olive,>'® reddish,**®
grayish ¢ or slaty brown, varicusly mottled with lighter
and darker,’® dotted with small brown spots of irregular
shape,?®7191% gecasional orange spots; '* brown spots
may be arranged as rosettes.® Vertical fins mottled or
blotched; 2#7151% some individuals with irregular pat-
terns of white spotting on body and fin bases; '* ocular
side pectoral fin with crossbands and stippling.’>** Blind
side whitish but may be irregularly blotched.”® Whole
fish translucent.5'®

Maximum length: To 460 mm TL.*7

DISTRIBUTION AND ECOLOGY

Range: Atlantic coast of North America from Gulf of St.
Lawrence, Nova Scotia to Florida? north of Cape Cod
restricted to isolated Jocations. 2

Area distribution: Chesapeake Bight,f3#**3" Delaware
River estuary ** and Chesapeake Bay south of Bloody
Point, Maryland.’®

Habitat and movements: Adults—over sand,®?32+15.16.18
mixtures of sandy silt'* or mud.”* In New England no

seasonal migrations evident; **'® off South Carolina and
Georgia, absent from or rare in catches from offshon
during summer, fall and early winter, while common .
shore all year,” found within a Georgia estuary only from
Jenuary to May.* Taken from 5.5'°-36.0 ppt salinity,
0-26.8 C,'* and from shoreline to 73 m,*'*** but mos
abundant in less than 46 m.?*

Larvae—surface plankton ** in 816 C and niost commyn
over depths of 2040 m.** :

Juveniles—sublittoral zone,* not going upstream in est-
aries. Salinities from 0.45-29.1 ppt; from as shallow
1.2 m, most ¢common in 8-14 m.'

SPAWNING

Season: Temperature dependent, starting in April south
of Chesapeake Bay moving northward to New Jerser
and New York during summer, not peaking there untl
fall, at which time breeding recommenced in Virginia
and North Carolina.** Oceasionally split seasons in New
York with first season in April-July #*-22 or May-June
and second in September *>*! or September and Octo-
ber.2¢ In Virginia spawning stopped at 16-17 C, with
spawning most intensive at 8-10 C; in New York started
at 7 C and stopped at 20 C, starting again when ten
perature dropped below 20 C. Eggs found in 18.2-300
ppt salinity *? and. from surface +152% tp 10 m * or 30 m”

EGGS

Pelagic, spherical; 77516 transparent 71%¢ with surface
faintly marked with irregular lines;?® (.90 mm®
100472138 mm3* or 200 mm; ! nonadhesive;* ol
droplets usually 1; **** oil droplet diameter .15-.30 mv
when only 1, When 2 or 3, .05-.16 mm;®* oil dropld
colorless,'*** pale yellow,*'82% amber, dark or occasiof
ally with melanophores.’®

EGG DEVELOPMENT

In some putative embryos, embryonic pigment present &
early as 14-somite stage. Black spots abundarl along
dorsal side from smout to tip of tail, less abundant
sides, least abundant on ventral side. In well develop®
embryos a short horizontal streak vaguely discernible
along both finfolds halfway between tail tip and vent fo

o

Fig. 83. Scophthalmus aquosus, Windowpane. A. Adult, length unstated. B. Larva, 27 mm. C. Larva, 2.9 mm,
distance between anal opening and gut mass proportionally reduced, fis rays forming. D. Larva, 5.5 mm, anus
more forward directed, flexion appears to be beginning, eye migration starting. E. Larva, 6.7 mm TL; pelvic fins
present, right eye Eproaching s mid-dorsal position, flexion cccurring. (A, Moore, E., 1947: Frontispiece, re-

drawn by Tamiko
152. E, original drawing by A. ]. Léppson.)

. B, G, Perlmutter, A, 1939: fig. 5. D, Bigelow, H. B., and W. C. Schroeder, 1953: fig.
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13.0 mm TL

Fig. 84. Scophthalmus aquoesus, Windowpane. A. Larva, 11.5 mm, right eye approaching mid-dorsal position but
no pelvic fin visible, B. Larva, 8 mm, eye on mid-domsal ridge, pelvic fin visibYe, color pattern distinctive at this
point. C. Larva, 13.0 mm TL, eye near‘lgr adult position, pigment pattern further developed. (A4, Moore, E.,
1947: fig. 3. B, Bigelow, H. B., and W. C. Schroeder, 1953: ﬁrgn 158. C, original drawing by A. J. Lippson.)



some, the late embryos faintly streaked on dorsal side of
head and nape.?:

Incubation period 8 days at 10.6-13.3 C %7 or 11.7 C.28

YOLK-SAC LARVAE

2 mm at hatching * to 5.5 mm at yolk absorption.

At 55 mun finfold represented only by rudiments;
notochord flexed; ** anus opening at finfold margin.

Pigmentation: Heavy pigmentation from behind head to
about mid-length; posteriorly free of pigment.”

¥ig. 85. Scophthalmus
Juvenile, 45 mm TL., ad

indowpane. A. Juvenile, 38 mm TL, late larval color
m:.:)ﬁ’r WItI:S:n assufned. J{A, Origingl drawing by Noncy Schenk Smith. B, Moore, E.,
1847: fig. 3, delineaiod by Joan EB:)
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LARVAE

5.5 mm ¢ to 13 mm.»

At 11.5 mm, 66 dorsal rays, 53 anal rays, 17 caudal rays
and 9 pectoral rays but no scales present.’® Body deep.
Eye migration begins at 6.5 mm TL* with eye going
over head.’* Otolith present by or before 11.5 mm,* fin
formation complete at 8.5 mm TL, left pelvic fin as wide
at base as at tip, looking like a detached segment of
anal fin.*

Pigmentation: Approaches complete coverage of both
sides of body except caudal end; 3 more or less diffuse

Hem bneaking up. B.
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crossbars of denser pigment present; ** melanophores large
and contrast between pigmented and non-pigmented
areas pronounced.?

JUVENILES

13 mm % to 230-250 mm,®

Larval pattern of 3 crossbars persists as traces to 45-60
mm; at 31 mm 4 crossbars, one at rear of head, one at
end of intestinal mass on forepart of body; third and
fourth past middle of body.*¢

GROWTH

In 11 days 10-22 mm TL; ** between hatchm%1 and Feb-
ruary and March, 75-90 mm average len 1 year,
about 60 mm; ** 2 years, 114 mm ® or 120 mm; 3 years,
190-200 mm; 1 4 years, 240 %1°-250 mum; 5 years, about
280 mm; 6 years, 200-300 mm; ** 7 years, 305 mm ¢ or
about 310 mm.¢

AGE AND SIZE AT MATURITY
34 years; 230-250 mm."*
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Syacium pepillosum (Linnaeus), Dusky flounder

ADULTS

D.795-94; " A, 60 or 63°-75; " C. 17; * P. ccular side
11+ or 12;%° V. 6;°® scales 47 '"“-80; ¢ vertebrae 10~
11+ 25-26,° total 35-36; ** gill rakers 21 +7 % or 834 or

.8 short and stout1?

Bady proportions as percent SL or HL: Depth 4047
SL;* head 26.0 °-36 SL; eye 19-29 ' HL or 5.9-6.4 SL.*

Body ovate or elongate, compressed; ® upper profile with
a notch in front of eyes; TF mouth large; ! gape to middle
of eye?* Teeth comical, curved, biserial in upper jaw
with outer row stronger and enlarged anteriorly, uniserial
it lower jaw, vomer toothless.® Scales ctenoid on ocular
:side, cycloid on blind side, small supplementary scales
_generally present, particularly in the region of the lateral
“line; lateral line equally developed on both sides with a

Fig. 8g, Syacium papillosum, Dusky flounder.
d{&m in pect,:;nl fin and interorbital width.

slight curve over the pectoral fins and no supratemporal
branch.* Dorsal fin origin in advance of lower eye, anal
fin origin slightly in advance of pectoral fin base; caudal
fin bitruncate; pectoral fin on eyed side with upper rays
greatly elongated in males.’

Pigmentation: Ground coler brown * or tan with numer-
ous pcelli on entire left side, each ocellus with a dark
brown margin, cream-white inner margin and tan center.®
Males with turquoise marking on maxilla and mandible,
extending posteriad along dorsal outline to about 25th
ray and along ventral outline to Srst pelvic fin ray, a pair
of parallel lines extending from snout to anterior margin
of upper orbit, blind side of dorsal fin tinged with
green; * males sometimes pigmented on both sides. Both
sexes with two areas of pigmentation on the opercular
margin, one area anteroventral to the left pectoral fin

*"11:{1:“‘
e
28
YD

A. Adult male, 150 mm SL. B, Adult female, 150 mm SL. Note
(A-B, Futch, C. R, and F. H. Hoff, I, 1971: figs. 18, 17)
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base, second, often obscure, on the upper opercular
margin.* An obvious dark spot at the base of the pec-
toral fin and another, more diffuse, at the tip of the
caudal peduncle. Dorsal and anal fins with dark spots,
caudal fin with small dark brown spots.?

Maximum length: To a little more than 300 mm SL.>®

DISTRIBUTION AND ECOLOGY

Range: North Carolina southward through the Gulf of
Mexico and Caribbean, along Atlantic coast of South
America to Rie de Janeiro and in the Bahamas and
Bermuda,® also Ascension Island @

Area distribution: Larvae, but not adults, taken off Vir-
ginia, up to extreme northern Virginia, shoreward of the
Gulf Stream.* Maps in the same paper indicate larvae
from off Maryland, but text fails to support this place-
ment (FDM).

Habitat and movements: Adults:—rocky areas,® prefer
bottoms of calcareous material; marine salinities; 13.9-
31.0 C. Reported from 4.6 m ® to 384 m but records be-
low 92 m are rare** with records deeper than 182 m
possibly being based on misidentifications.* Most
frequent at stations between 23 and 32 m.?

Larvae—pelagic.+*

Juveniles—no information.

SPAWNING

Location: Depths greater than 18 m.%¢

Season: Off Florida, from February ? or April to Novem-
ber 23 with a peak in June; ® off North Carolina, April to
October or November.*

Fecundity: Females 150-185 mm SL with 22,000-88,000
eggs, and a mean of 55,200.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE
2.3 mm SL to 15 or 22 mm SL.

DEVELOPMENT OF FisHES oF THE MD-ATLANTIC BIGHT

Neural and haemal elements appear between 3 and ¢
mm SL, ossification proceeds caudad from the second
vertebra, atlas last to ossify, full vertebral complemen
by 56 mm S5L; 4 branchiostegal rays at 3.0 mm SL
adult complement of 7 by 3.0 mm SL.°

Body proportions as mean percent SL: Head 26.5 at 20-
2.9 mm SL to 33.7 at 8.0-8.9 ram SL; postanal length 475
at 2.0-2.8 mm SL to 45.3 at 8.0-8.9 mm SL; body depth
24.5 at 2.0-2.9 mm SL to 43.0 at 8.0-8.9 mm SL.}

Head bluntly rounded in profile at 2.3 mm SL, Jes
rounded with growth, at 46 mm SL anterior projections
of both frontals producing a small bulge in the anterior
profile, anterior profile sigmoid at metamorphosis. Pos
teriorly directed spines from dorsolateral aspect of frontd
in early larvae, prominent in larvae up to 8 mm SL but
atrophy in late metamorphosis, disappearing at 22 mm
SL. Small teeth develop in larvae at about 3 mm SL
4 in upper jaw and 8 in lower, increasing to 18 in upper
and 20 in lower by 10-12 mm SL: at 13 mm SL larvl
teeth are replaced by multiserial adult teeth emerging
from inner surfaces and margins of lower and uppe
jaws; eve migration at 15-22 mm SL, eye migrates
through a potch in the anterior profile (a groove in the
orbital and olfactory bones); nasal capsules appear at
3 mm SL and tubular nostrils are evident by 10-15 mo
SL. Conspicucus preopercular spination in early larvae.
at 3.0 mm SL 2 large spines develop from the preoperc
lar angle, lower one atrophies while the other becoimes
sharply hooked with side spinules; upper preoperculit
limb with 2-3 small projections, lower limb with 2-4°

Dorsal fin with 5-8 elongate anterior rays at 3.3 mm SL
these increasing in length until 7-8 mm SL then atroph?
to same length as other rays; other rays begin to apped’
at 5 mm SL, progressing caudad; full complement at 1-
13 mm SL; fin ray ossification precedes that of pterygt
phores; anal fin formation hegins at about 5 mm S
complete by 10-13 mm; proliferation proceeds caudsc
from the anterior; rays ossify before pterygiophores
caudal fin with 7-8 rays ossified before 5-6 mm SL, fu!
complement of 17 by 6-7 mm SL; pectoral fins sma]ll
fleshy based at 2-3 mm SL, persisting through 10—1:
mm SL, when ray ossification begins, ossification of l&*
fin precedes that of right, typical adult count by 15’2[{
mm SL; pelvic fins begin as small buds from vent®
body margin immediately posterior to the cleithrl s
phasis, left developing first, at 8 mm SL left pelvic
with 4 rays, right still a bud, at 7 mm SL both fi
complete but left much longer than right becomlﬂ%
equal in length at 15-22 mm SL. Notochord flesur¢ ?
5-8 mm SL; gas bladder persists at 15 mm SL.”

Pigmentation: Eyes pigmented at 23 mm SL; first 00°
ocular pigment a series of 2 or 3 melanophores develol
ing at the retroarticular bone. At 3 mm SL -""“'ere
melanophores dorsal to each frontal spine, one 01 50
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Fig. 87. Syacium illos Dusky flounder. A. Larva, 2.8 mm SL. Frontal spines well developed, prevpercu-
lﬂl‘gSPines Vyejy Jom, paafnd s;i,l::-]jka. B, Larva, 3.3 mm SL. Elongated dorsal tentacles present, frontal spives stll
present, precpercular spines still spike-like, swim bladder present, fumﬁhmtagal rays and caudal fin rays form-
ing. C. Larva, 4.9 mm SL. Dorsal tentacles pigmented at tip, g:ne at angle of preocpercle hecoming broad,

blade-like with a secondary point, anal fin rays forming, pelvic

Hoff, Jr., 1971: fgs. 2, 8, 4.)

:Erain M t_iach otic capsule, several anterior to the cleithral
SYmphasis and many small ones along the isthmus and

8l m
“stel]y:

And sey rapg]

'abtmd

erbrane margins. At about 5 mm SL, 2, rarely 3,
e melanophores on each hypobranchial membrane
round ones ventral to the hypohyal bones,
latter chromatophores are clearly larger and more
ant on the left side; all other chromatophores more

" less *¥munetrical {n distribution and abundance. Chro-

bud present. (A-C, Futch, C. R., and F. H.

matophores of frontals, precleithral bone and left hypo-
hyal become fewer but increase in size through early
metamorphosis; those of gill membrane margins and
isthmus disappear; hypobranchial pigmentation is un-
altered; hypohyal, hypobranchial, retroarticular and pre-
cleithral pigmentation disappears between 15 and 22
mm SL.5

Elongate anterior dorsal fin ray tips heavily pigmented,
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Fig. 88, SYacium papillorum, Dusky flounder. A. Larva, 5.5 mm SL, dorsal and anal fin rays forming, pelvic
fin rays well developed, dorsal and ventral pigment spots elongating, B. Larva, 6.0 mm SL, flexion of nowéford,
frontal spine reduced in proportion. C. Larva, 8.2 mm SL. Frontal spine almost completely degenersted, pre-
opercular spine reduced in proportion, swim bladder much reduced. (A-C, Futch, C. R., and F. H. Hoff, Ir.

1971; figs. 5, 6, 7.)
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Fig.
niEﬂ.
{A-B, Futch, C. R., and F. H. Hofl, Jr., 1971: hgs. 8, 8.}

this pigment retained until the tips atrophy. At 13-15
El]m SL small chromatophores develop on individual rays
dordtl] evenly spaced series along each fin, about 12 on
. sal fin, 9 on anal fin. A small chromatophore devel-
i‘“g_ on the base of each caudal fin ray at about 13 mm
L. disappearing by 22 mm SL. Left pelvic fin tip highly
Pigmented in specimens up to 15 mm SL.°

Smal chromatophores

i earl, | located along ventral gut margin

o irvae, concentrate at anus at about 8 mm 8L,
2 u{"gmeﬂt obscured as the anus moves forward. At
pear on 3;50 mm SL several stellate melanophores ap-
So0m Aise; e gut dorsal to the anus, those of the right side
congren ;pate, but those of the left side proliferate and
Mo defgs e to form a large spot at the anal fin insertion.
bladder ¢ to heavy pigmentation covering the swim-
and and uppermost peritoneum appearing at 3 mm
Temaining visible through about 15 mm SL.°

89. Syacium papillosum, Dusky flounder. A. Juvenile, 13.0 mm SL. Eye migration complete. B. Juve-
15.0 mm S5L. Eye migration may be complete, some variation in size at which eye migration is completed.

In early larvae one or two melanophores develop on most
myomeres at dorsal and ventral body margins adjacent to
larval finfold; at about 5 mm SL these seem to merge to
form large spots on dorsal and ventral body margins;
these spots develop caudad and by about 8 mm SL 3
dorsal spots and 3 ventral spots present, each spot asso-
ciated with 2-6, typically 3-4, pterygiophores; on left
side spots separate, on right side small melanophores
form a thin line connecting these spots; in some indi-
viduals, melanophores develop on pterygiophores distal
to the marginal spots; with growth, marginal spots con-
dense and are associated with one, occasionally two,
pterygiophores; regularly placed. Location of spots in
relation to pterygiophores as follows: dorsal series; origin
of dorsal to first spot 16-18; first to second, 8-9; second
to third, 10-12; third to fourth, 15-17; fourth to fifth,
16-18. Anal series: anal origin to first spet, 13-17; first
to second, 14-17; second to third 18-18°



174 DEvELOPMENT OF FisHES oF THE Mip-ATLanTiC Biocur

Pigmentation develops along left side body midline at
about 5 mm SL, formed by about 3 small chromato-
phores at the level of caudal vertebrae 18-22. At about
6 mm SL a longer line of chromatophores develops on
the right side body midline. At about 7 mm SL, a second
set of midline pigmentation develops on the left side ap-
proximately at the level of caudal vertebrae 10-13. From
5 to 15 mm SL melanophores present on dorsal surface
of nerve cord.®

JUVENILES
15-22 mm to about 100 mm SL.

Small, irregularly placed spots on vertical fins of ju-
veniles and adults, often a spot on the mid-caudal regjon.
Above 30 mm SL, 4 transverse pigment bands spaced
across left pectoral fin, distance between proximal and
next band larger than remaining interband distances;
distal band sometimes indistinet. Entire pelvic fin heav-
ily pigmented. Large spot at anal fin insertion persisting
until 50-60 mm SL.5

GROWTH

No information.

AGE AND SiZE AT MATURITY

100-130 mm SL; females may mature at as little as 822
mm;® males show secondary sexual characteristics
(elongations of first two doxsal rays) at 110-130 mm SL*
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Glyptocephalus cynoglossus
Hippoglossus hippoglossus
Limanda ferruginea
Pseudopleuronectes americanus

righteye flounders
Pleuronectidae
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FAMILY PLEURONECTIDAE

For methods of distinguishing this fatfish {amily from the athers see the
discussion of family Bothidae. This family is primarily cool temperate and
subarctic in distribution, reaching its southern limits in this area except for
Pseudopleuronectes americanus, which reaches as far south as Georgia. Hippo-
glossus hippoglossus and Glyptocephalus cynoglossus are the two deepest dwell-
ing forms and are also unlikely to be common in shore zones for most of their
life cycle. These two species are also wide ranging, occurring on both sides of
the North Atlantic.

77
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Glyptocephalus cynoglossus (Linnaeus), Witch flounder

ADULTS

D. (85) 9711172+ (120); ' A. 87 *°-101; > C. 20-24,
12-16 unbranched or 0-1 411 411 +0; ** P. ocular side,
9-13, 6-10 unbranched; ™ V. 6;?* geales, blind side
109-150,% gcular side 110-144; 3¢ vertebrae 57 2458 %1424
11-12 +45-47 ** or 12~14 + 45-48; gill rakers short, stout,

6-9 on lower limb; ' teeth %; * 2 +4 or 5 long
plyloric caeca.’

Body proportions as percent SL or HI.: Depth of body
28.6-417 SL; head length 154222 81; lower jaw about
33 HL; *¢ eye 25 *#*-33 HL.**

Body elongate, oblong, much compressed; head small;
mouth small; gape not reaching front of eye® or just
reaching front of eye.’® A single series of incisor-like
teeth in each jaw.®® Lateral line straight or with an
arch, individual variation.® Dorsal fin origin over anterior
part of upper eye !® or over middie of eye; * caudal fin
rounded; > anal fin preceded by a short, sharp, forward
pointed spine® its origin under base of pectoral fin;
pelvie fins inserted slightly in advance of pectoral fin
base on mid-ventral ridge.®

Pigmentation: Body brownish or grayish brown, body
and fins speckled with minute black dots which are
generally fewer, larger and more scattered on blind
side,'® sometimes with darker transverse bars;?® dorsal
and anal fins more or less dusky toward margins?®
sometimes spotted and tinged with violet; * anterior rays
sometimes tipped with lighter color;’® pectoral fin
membrane on eyed side dusky to black, on blind side
grayish-white with minute dark points throughout.?

Maximum length: To 781 mm TL,*® western North
Atlantic specimens reaching larger sizes than those in
eastern North Atlantic.'®

DISTRIBUTION AND ECOLOGY

Range: Both sides of the Atlantic,"* in eastern Atlantic
from Murmansk to France including western portion of
Baltic Sea,!' in western Atlantic from Newfoundland to
North Carolina; 2% reaches north coast of Iceland only
in years with above average temperatures.”

Area distribution: Throughout the Chesapeake Bight,.2®
mostly at depths greater than 90 m."?

Habitat and movements: Adults—on mud,**** clay,®2
mud or clay mixed with sand,**** smooth ground be-
tween rocky patches.® rarely on sand; * in Gulf of Maine
no evidence of migrations,® in the Gulf of St. Lawrence **

and in Swedish waters may be some onshore movements
in spring and offshore in fall,>** seasonal movements mav
be as little as 6-12 km; ** reported from 33-352 pp
salinity; ** —0.6*-10 C;* and 18.3 m *5°-1569 >
most common at 46-274 m off Canada,* 90-330 m in the
Mid-Atlantic Bight *? or 200-250 m in Swedish waters.”

Larvae—pelagic,'* over depths of 28-250 m; 2* 512-18§
C.,* most common at 3 C; 2 most common at 2940 m
over depths of more than 146 m ** but reported from
around 165 m over depths of about 320 m.*

Juveniles—more likely than adults to exhibit seasonl
movement; > reported from 34.9-35.7 ppt salinity and
4.1-113 C; in Nova Scotia bimodally distributed as to
depth being most common at 183 m and 256 m;** of
Virginia found from 166 m to 1408 m,'* most common
at w) mllﬁ.lT

SPAWNING

Location: Occurs in localized areas,?® near shore out to
slope waters, usually at depths toward the shallow side
of the normal range,® probably at 70 to 260 m ** with
most occurring at 100-160 m.>*

Season: Spawns in Swedish waters March to July,” v
the North Sea May to September with peak in July,” @
the Irish Sea March to May,'® in western North Atlantic
waters peak spawning in May and June, ending in Julv
earliest in more southerly waters.*

Temperature: Occurs from about the freezing point of
salt water to 9 or 10 C, mostly in the range of 381
89C>

EGGS

Pelagic; %120 spherical; 52" transparent; ® djalrn:tr:':rﬁf
European eggs about 1.25 mm at beginning of spawnmg
season and about 1.13 mm at the end* sizes ropored
range from 1.07* to 1.45 mm * with averages of 12
mm "' or 1.27 mm; chorion thick, grooved with mal
folds; yolk diameter 0.95-1.05 mm; *° perivitellinc spac
narrow.**°

EGG DEVELOPMENT

Embryo with 34 somites, pigmentation weak with "
densed melanophores on bl;cin:af body and head. O
embryos reported with 47 somites, 12 + 35, olfactory CaFt:
sules visible, alimentary canal a straight tube, rudimé A
of pectoral fin present on somites 1 and 2, pigment C_Ces
scattered, but two rows of melanophores distinct on ¥
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'Length unstated

Fig. 80, G
dweloi:_ment. C. Egg, diameter 1.16 mm, approximately the same developmentsl stage as previous figure, D.

Egg,
uustated, just prior to hatching. (A, Goode, G.
sky, 1975: fig. 1. €, Eheenbaum, E., 1905: fig. 71.)

of body, finfold and i '

Y yolk sack unpigmented, one speci-
;f;ren “ith 8 mass of melanophores in the anal area and
Oﬂf: belt-like pigment masses on postanal part of body.*

' : s . N
haf(ﬂli{_,_;ﬁm indicate a lack of pigment prior to

Tneubys

7‘18_0?933&11011 period 7.8 days at 8-9.3 C or 7 to 8 days at

94 C%  Normal development in the laboratory
Over the range 7.2 to 12.8 C.#

cynoglossus, Witch flounder. A. Adult, length unstated. B. Egg, diameter unstated, early

eter unstated, later development, E. Egg, diameter unstated, late development. F. Egg, dinmeter
gﬁ., 1884: pl. 57. B, D-F, Evseenko, 5. A., and M. M. Nevin-

YOLK-SAC LARVAE

Hatching length variously reported as 3.9 mm,'*2% 3,52
5.39 mm with a mean of 4.82 mm "¢ or 49 mm,* yolk
absorbed by 5.9 mm TL.**

Preanal length 25.9% SL at 5.8 mm; *° characteristic body
shape with a short abdomen and long postanal region; #
yolk mass large and homogeneous at hatching, 1.07-1.25
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Fig. 91. Glyptocephalus cynoglossus, Witch flounder. A. Yolksse larve, 3.9 mm, newly hatched. B. Yolk-sac
larva, 4.7 mm. C. Yolk-sac larva, 59 mm, 1 day after hatching. D. Larva, 5.2 mm. E. Larva, 5.2 mm, ventral

view of larva from
D., 1958:51. D, E,

mm in cross-sectional diameter at hatching'' present
only as traces near the cleithrum at 5.8 mm;* teeth
present at 5.2 mm; ** brain differentiated into its main
parts by 5.8 mm; *° no traces of fin rays in median fins at
5.2 mm, caudal diphycercal; '* pectoral fin fan-like at 5.8
mm; ** finfold wider at 5.9 mm than at hatching; ** gut
with a loop in middle of coelom;*® anus immediately
behind yolk sac,'™"* opening at edge of finfold.*

Pigmentation: At hatching, larvae appear pale chrome
yellow in reflected light and dark yellow by transmitted

reviows figure, F. Larva, 5.6 mm. (A, C, and F, Ehrenbaum, E., 1905: fig. 71. B, Miller,
iliamson, H. €., 1004; pl. 16, D reversed.)

i

light, this on head, eye, trunk, yolk and caudal regio™
may have a number of very minute dots scattered o
sides,’?* the yellow pigment intensifies with grt}“’fh
becoming greenish in transmitted light; ** an 3315“5;&
of expanded melanophores appears in the region of &
anus; * another similar aggregate of pigment ﬂe"?lﬂp.s
over the center of the yolk sac; 7 in the postanal yegio®
vertical bars develop about equally spaced, may ha¥
small aggregates of pigment between bars,2? the vert
bars exteneri?l onto finfold in fresh material but

stricted to body in preserved specimens;’ at 5.2 mm
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Fig. 82. Glyptocephalus cynoglossus, Witch floander. A. Larva, 12.5 mm. B. Larva, 14 mm, note developing
ventral concavity behind operculum. C. Larva, 18 mm, notochord flexion in progress, D. Larva, 22 mm, eye

?;g'i;ming migration, E. Preoperculum of larva, 22 mm, showing

ttern of spines. (A, B, Williamson, H. C.,

: pl. 18, C, Petersen, C. G. J., 1004;: pl. 2. D, E, Holt, E. W. L., and L. W. Byme, 1903: pl 3.}

few melanﬂphores at point of mandible, and a group of

‘Inelanpy )} . F .
'Pfgmeni»]dor[i; ?;alt;i l:;entra]ly in pectoral region; eye

LARv2E

'RrEPmﬁztﬁld as small as 8 mm,” metamorphosis completed
.]anr tie 8 months tg possibly a year after hatching when
e zre een 35 mm ¢ and 30 mm,® usually

agPete by 4049 mm in Irish Sea and by 48 mm %
Zerak ze

At 16.7 mm 85 dorsal and 68 anal pterygiophores,?® dorsal
and anal fin ray counts in adult range in all specimens
over 20 mm TL; ** caudal fin rays 18 at 16.7 mm, adult
complement by 22.5 mm; * pectoral fin quite large but
without rays at 6 mm; '* pelvic fins with 4-5 radimentary
rays at 22.5 mm; myomeres 11-12 +43—45, total 54-57; *°
vertebrae 12+ 46.%°

Preanal length 29.3% SL at 16.7 mm, 35.1% S1. at 225
mm.2

Body with a concave ventral profile in throat region at
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Fig. 98. Glyptocephalus cynoglossus, Witch flounder. A. Larva, 31 mm. B, Larva, 25 mm, more advanced devel-
rgzment, deme being shorter than previous figure. C. Larva, length unstated. D. Larva, 34 mm. (A, Petersen,
" G. ], 1804: pl. 2. B, D, Williamson, H. C., 1904: pl. 16. C, Goode, G. B., and T. H. Bean, 1895: fig.

356a.)

15 mm,*"2¢ postanal region slender; ** upper and lower
jaw bones formed by 16.7 mm; 3 teeth present in each
side of both upper and lower jaws at 22.5 mm; left eye
beginning to move at 22.5 mm,** visibly moved at 25 mm
and on median ridge by 38 mm ** or 40 mm; * preoper-
culum with prominent spines,*** these first noticed at
12.5 mm,? 5 anteriorly directed spines -+ 3 postericrly
directed spines + 1 in middle of preopercle; at 16.7 mm,
4 anteriorly directed spines + 7 posteriorly directed
spines + 8 in middle of preoperculum pointing variously;
urinary bladder visible at 18.7 mm; ** dorsal fin rays first

evident at 12 mm TL; ' anal fin rays evident by B
mm; ** caudal fin rays appear at 15 mm; * pectoral in ¥
larval condition at 92.5 mm,* well developed at 42 17
in one report® but still larval in form at 48 mm’ﬁ
another; preanal finfold lost by 15 mm,** otherwise ﬁﬂf"]ﬂ
still complete at 16.7 mm; urostyle flexed at 16.7 1%
%'ut looped in the middle; ™ anus backward directed ?

5 mm; * heart with 2 chambers, anterior to cleithr”
at 16.7 mm; = liver lying in front of midgut loop™

Pigmentation: Black and yellow'pigment generaﬂy seat
tered, makes 5 transverse bands that extend onto finfold,’
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42 mm

reopercular spine de-

pment, B. Larva, 38 mm. C. Larvs, 42 mm, eye nearing final position. (4, B, Williamson, H. C., 1904:

FIE 84, Glyptocephalus cynoglossus, Witch flounder. A. Head of larva, 40 mm, showing p
ve
l

pl. 16. C, Petersen, C. G. J., 1964: pl. 2.)

_ ith;—‘ﬁ? evenly spaced on caudal portion, 1 in anal region
.+ 0 forepart of body,” most anterior band may be

R Sinet;  yvellow igment orange in transmitted light,

by m"; vellow in reflected light; eye jet black ** or with
“on \1’:15 ! uster; 2 pigment cells on intestinal loops, mostly
“copha L ParEs, and on left side of head above mesen-
venpot™; *° pigment present in lower jaw and anterior
finfolg . e510!3.; some pigment may be present on anal

andﬂlﬁ “0d along junction of ventral interspinous bones
.EPeeimI;mr_a,%’S; pigment lighter on left side of larger

JUVENILES

Metamorphosed by 35 ¢ to 50 mm.’

At 44 mm operculum with spines equally developed on
both sides, at 59 mm no spines present; teeth not seen in
just metamorphosed specimens,** conical and separated
in young juveniles rather than incisor-like as in adults,s

Pigmentation: At 4 mm on postanal portion of body 7
broad pigment patches across median line of body; 5
broad patches with intermediate smaller patches on
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. Witk | &,
N R AT TV

Fig. 95. Glyptocephalus cynoglossus, Witch flounder. A. Juvenile, 44 mm. B. Juvenile, 42 mm. (A, Williamson,

H. C., 1904: pl. 16. B, Petersen, C. G. [, 1904: pl. 2)

dorsal fin; 3 broad patches with smaller intermediate ones
on anal fin; pigment retained on blind side.®®

At 70-80 mm pigmentation is essentially as in adult.?

GROWTH

Growth rate varies between the sexes with the female
gmwing faster and larger; ** growth slower at greater

epths.”® Growth rates can be characterized by the for-
mulas following—for males, 1,=60.93 (1-e~12 (t-0.045)
and for females, 1,=83.77 (1-e~*97 -2} for Nova Sco-
tia ** and for males, 1,=30.86 {l-e o312 (*-0.#40)) gnq for
females, 1,=36.11 (1-e*® ©*-***!) where 1, equals length
in cm at time t for Irish Sea specimens.’®

AGE AND SIZE AT MATURITY

Mature as early as 4 or 5 years when 27-30 cm in Swedish
waters,” males mature at 7 years when 37 om and
females at 10 years when 44 em in Nova Seotia,'* while
other northwest Atlantic populations have males matur-
ing at 6 years and 30 em and females at 6 or 7 years
and 38 cm.*
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Hippoglossus hippoglossus (Linnaeus), Atlantic halibut

ADULTS

D. (92) % (96) =% 98-106 (110); *2* A. 69-84; > C. 17 '-19
(15 branched); ® P. 15 %17 3¢ (12 or 13 unbranched; ®)
:V. 6 = scales about 180; **% vertebrae 16 4 34 142835 2
usula:lly 16+4-34; * gill rakers 7-8 on lower limb of first
arch.”

A  Adult

3.1 mm

Fig. 68. Hiy
cell stage, 8

3.2 mm

Body proportions as percent SL or HL: Head length
24-27 SL; greatest depth of body 3¢ N
1450 BL» gl epth o y 3838 SL; eve

Bodv clongate with moderate candal
strongly compressed; *° head broad; mou

uncle,® not
Iarge; gape to

3.3 mm

glossus hippoglossus, Atlantic halibut. A. Adult, length unstated. B. Egg, 3.2 mm diameter, two-
5. . Egg, 3.2 mm diameter, four-cell stage, 9 hours. I, Egg, 8.3 mm diameter, eight-cell stage,

28 hours. {4, Tracy, H. C., 1908: pl. 1. B-G, Rollefsen, G.,

12 hours, E, Egg, 3.1 mm diameter, 16-cell St:ﬁ:: 18 hours. F. Egg, 3.2 mm diameter, probably 32-cell stage,

20 hours, . i
1934;!1% . E} Egg, 3.8 mm diameter, early mo
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front of eyes ? or middle of eve. Scales rounded in out-
line, mostly oval or nearly circular, secondary squamation
Fresent, many primary scales with a small boney plate on
ree end.® Latera! line arched above pectoral fin.? Dorsal
fin origin over eye; »7 caudal fin large, concave; anal fin
origin under that of pectoral fins; pelvic fin origin in
advance of that of pectoral fin, under gill openings; *
pectoral fin on eyed side pointed, that on blind side
rounded.”

Pigmentation: Body color variable, chacolate to olive or
slaty brown on eyed side; ” younger individuals marbled
or s]iotted with paler color,® older ones uniform, may be
nearly black; 7 blind side white in younger fish, mottled
or clouded with gray in older fish,>" sometimes suffused
with red.?

Maximum length: To 2.4 m.?

DISTRIBUTION AND ECOLOGY

Range: Both sides of Atlantic, in eastern Atlantic, from
Iceland, Spitzbergen and Bear Island south along Nor-
wegian coast to Scotland, Ireland, England, France and
the Bav of Biscay, in western Atlantic from western
Greenland ? south to Virginia,**®** those south of
Nantucket Shoals considered to be stragglers.’®

Area distribution: New Jersey,! Virginia.”*®

Habitat and movements: Adults—inhabit hard bottoms
of clay,"* sand, gravel * or rock; ** may move to deeper
or shallower waters in response to season or tempera-
ture,>? these movements not always apparent; most show
little movement #* but some individuals move 170-2700
km,? these individuals averaging up to 9.3 km/day; **
reported from 0.6-15 C7 but most common between 3
and 9 C;?* reported from 97-920 m depth,® large indi-
viduals, especially females more likely to enter shallow
water than intermediate size fish; *® most common on
offshore banks and continental slope.*

Larvae—smallest sizes (13-19 mm) over depths greater
than 400 m,>’ 20-34 mm individuals more likely over
shallower depths,®> metamorphosing individuals may be
over fairly shallow depths; *° found at surface tempera-
tures of 7.7-10.7 C and bottom temperatures of 0.1-8.6
C; * 13-19 mm, 5-50 m depth; 20--34 mm, 5-500 m depth,®
44 mm individual reported from more than 1655 m;®
less than 20 mm length individuals found at or outside
the 1000 m contour.?

Juveniles—inhabit sand bottoms,>** move offshore with
age; 7 carry out extensive migrations, one third of marked
individuals in Faroe Islands migrated out; 2* small juve-
niles have only been reported from less than 50 m
depth,»* occasionally 7-8 em individuals available to
shore seines.™

DevELopMENT oF Fisurs oF THE Mip-ATLANTIC BIGHT

SPAWNING

Location: Eggs have been found over depths of moe
than 1000 m,**" other evidence points to spawning z
shallow as 730 m; * spawning seems to oceur within dee
fjords or ocean bank pools covered by soft clay or mud
or along deep water edges of banks.?

Season: Spawns in late winter and spring,?2+9-7 15120
in Scottish waters may stretch into June* in American
waters may continue into September,” peak in Apri] ¥
or early May.®

Time: In aquaria spawning is nocturnal.®®

Temperature and salinity: Spawning temperature 473
C 2 or 3-8 C ** and salinity probably 35 ppt.*

Fecundity: A 91 kg female produces over 2 million eggs™

EGGS

Location: Pelagic but not at surface, variously reported
in the depth range from 55-91 m,” 300400 m** o
about 700 m,” Norwegian eggs reported to be mos
common at 300-400 m but also occurring between 10
and 180 m.*

Unfertilized eggs: (Shrunk by preservation in picric acid
diameter of 3.07-3.81 mm; ! others listed as 30-35
mm,* 3.1-3.8 mm,? 3.420-3.762 mm; pinkish; * vk
colorless; ™'* capsule thin; 121 very little perivitelfin¢
space.?®

Fertilized eggs: Spherical,® clear; ** diameter varjousl*
given as 3-3.8 mm,** 3.1-3.6 mm,? 3.2 mm,” 3045
mm * or 3,30-3.57 mm; * chorion thick, smooth, shinf’
and tough; * yolk clear with a slight yellowish ting
perivitelline space small.®2"2¢

EGG DEVELOPMENT

Incubation period of 16 days at 6 C.*7=

First cleavage at 6 hours after fertilization, other cleav
ages at 3 hour intervals at 6 C; neurulation occurTing a
6 days 9 hours; 9 somites visible at mid-body at 7 das
13 hours,®

YOLK-SAC LARVAE
Hatch at 8-7 mm 7 or 8.5-7 mm; at 8.5 mm (6 davs) st
having a large yolk mass.”

Pigmentation: No pigment prior to tenth day :ﬂﬂ
haiching,"* first pigment noted is eye pigmentation
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3.3 mm

3.2 rmun

Fig. 97. Rippoglossus hippoglossus, Atlantic halibut. A. Egg, 3.2 mm diameter, late momla, 1 day 8 hours. B.
Egg, 3.2 mm diameter, bm:odsrm beginning to spread, 4 days 9 hours. C. Egg, 3.3 mm diameter, blastoderm
spread further, 4 days 21 hours, D. Egg, 3.8 mm diameter, newrulation occurring, 5 days 9 hours. E. Egg, 3.2 mm

iameter, later neurulation, 6 days Q%urs. F. Egg, 32 mm diameter, brain differentiating, somites visible, 7
days, 18 hours, G. Egg, 3.8 mm diameter, somites visible for most of the length, 10 days. H Egg, 3.3 mm, side
view of embryo at about the same stage as that in the previvus figure, 10 days 11 hours. I Egg, 3.2 mm di-
ameter, late embryo, 15 days 11 hows. J. Egg, 8.2 mm diameter, embryo just prior to batching, 18 days. K.
Yolk-sac larva, 6.9 mm TL, freshly hatohed. (A-K, Rollefsen, G., 1934: figs. 1, 2, 3.

187
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LARVAE

Reported from 13.5 mm to 34 mm.*

D, 190 at 20 mm TL2 103-104 at sizes above 22
mm; '®172 A 78 at 20 mm,*” 82-83 at 22-23 mm,?** 88 at
32 mm; C. 22 at 32 mm. Gill cover with a row of spines
at 32 mm,**** these not visible at 34 mm.* Body ovate,
oblong,®" caudal peduncle short at 34 mm; * head with
a deep angular depression between eye and upturned
nose,*” fower jaw long and straight. Eye begins migration
at 16 ** or 20 mm,* reaches mid-dorsal ridge by 22-23
mm, on the ridge by 27 ** to 34 mm; ° over the ridge but
still touching midline at 34 mm, becoming ovate at 34
mm.** Dorsal, ana] and caudal fin rays appearing at 13.5
mm; "** caudal fin becoming broad, truncate at 34 mm,; *
pectoral fin without formed rays up to 20 mm; ** 30.1
mm,* 32 mm 7 or 34 mm; pelvic fins not present at 13.5

DEveLoPMENT OF Fisnys oF Tue Mm-ATLANTIC Bicar

mm,* present as finfolds at 20 mm,* forming at 22 mm.
Notochord flexion beginning at 13.5 mm, flexed to 30° by
16.2 mm.* '

Pigmentation: At 13.5 mm pigment in no characteristic
pattern, not particularly conspicuous; small melanophore
in lines between myotomes; ventrolaterally about 34
longitudinal rows, dorsolaterally only one extends from
vent to tail base; no external pigment mediolaterall:
small melanophores on dorsal and anal fins, especially
near margin; very little pigment on trunk or head 2
conspicuous ventral median row of minute preanl
melanophores.

From 16.2 to 20 mm, brain behind eve with some distinct
round melanophores; gastric region with a few scattercd
distinct specks; small spot on angle of lower jaw; eves
light blue; some small reddish spots on edges between

D

18 mm

. b, Larva, 18

Fig. 98. Hippoglossus h‘fgofbm’ Adlantic halibut. A. Yolk-sac larve, 8.8 mm TL, 6 days after hatching. B.

Larva, 13.5 mm, notocho

exion oceurring. C. Larva, 168.2 mm, notochord flexion still in

mm, notochord flexion complete or nearly so. {A, Rollefsen, G., 1934; fig. 4. B-D, Schmidt, ], 1904: pl. 1 )
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Fig, 99. Hippoglossus hippoglossus, Atlantic halibut. A, Larva, 22 mm, fins near completion, pigment bars ap-

Eearing in vertical fins, eye migrating. B. Larva, 24.5 mm, body becoming deep

er. C. Larva, 27 mm, pigment

ars angd blotches on sides becoming visible. (A-C, Schmids, J., 1904: pl. 1)

myotones,

At 99_:
intng;ﬁﬁ mm there is a tendency for pigment to gather
Visible m?ix[::] rgr};.s and interspinous bones, 3 such groups

At 945 95

aud mm 3 conspicuous spots visible in anal fin

on in[g;a? anus; small intermediate spots on rays, 4 spots
00 raye. Pinous bones and rays, smaller secondary patches
Pﬁcto}af some melanoléhores on pelvic fins; no spots on
pi or caudal fins; left side not so strongly
Pfmented a5 right.

At
27 mm 5 groups distinct on dorsal fin besides

secondary spots on rays; some mediolatera]l pigment.

At 28.5 mm 4 transverse patches of pigment on body
between the principal spots on the fins; caudal fin

unpigmented.

At 34 mm right side clearly more pigmented than left;
sides marbled; 2 faint round patches on proximal portion
of caudal fin.*¢

Fresh material almost covered with small, numerous
orange-red erythrophores; over brain small scattered
erythrophores, smaller than melanophores of that region;
over whole head erythrophores small and few, grouped
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Fig. 100. Hippoglossus hippoglossus, Atlantic halibut. A. Larva, 28.5 mm, eye nearing dorsal position. B. Larve,
34 mm, eye well onto d ridge, color pattern intensified. C. Larva, 30.1 mumn, approximately same stage as pre-
vious figure, but deeper bodied. (A, B, Schmidt, J, 1604: pl. 1. C, Téning, 4. V., 1936: fig. 3)

into spots on snout and tip of lower jaw, also on
cleithrum; few erythrophores on gut and abdominal wall;
on body and tail erythrophores mostly on myosepta but
may be scattered on myomeres mediolaterally; erythro-
phores more numerous on body anteriorly and ventrally;
erythrophores also on interspinons membrane but more

numerous basally; no erythrophores on caudal in excef
for a spot ventrally on base.®

JUVENILES
Smallest reported as 44 mm.*
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Fig. 101. Hippoglossus hippoglossus, Atlantic halibut,

Between 47 and 411 mm SL bedy proportions change as
follpws; depth 35.7% to 36.2% SL, head length 30.4% to
% SL, right eye 7.5% to 4.4% SL, and preanal length
38.2% to 33.3% SL.°

Pigmentation: At 47.4 mm 6 dorsal and 5 ventral pigment
patches, base of caudal fin with 2 distinct pigment spots,
melanophores on  braincase practically disappeared,
caudal fin now pigmented, lateral line distinctly marked;
larger specimens black and chestnut brown ? or dull olive

marbled with darker blotches and reddish spots on body
and fing, 15 )

GROWTH

Crowth rates variable, within Jcelandic waters there are
at ]eaft three populations with quite different growth
'rla‘tES; © growth rates may be from 1207 to 650 mm/
year; ** females grow faster than males, this difference
- "ot appearing until the 4th year,” the 9th or 10th year
"Teven as late as the 15th year.?®

.3 AGE AND sIzE AT MATURITY

Females mature at 9-10 years,” 7-8 years with some de-
_mﬁng until 11 or 12,% 10-12 years ** or 8-18 years; **
-‘«'earis- Jhature at 5-10 years,' 7-11 years* or 7-17
o . -eémales may mature over range of 90 to 129 cm;
Tales from 70-119 om.25

A. Juvenile, 47.4 mm. {4, Tdning, &. V., 1936: fig. 4.)

e A
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Limanda ferruginea (Storer), Yellowtail flounder

ADULTS

D. 73-91; A. 35-88;* C. 16* or 18 (12 branched); *
P. 10;" V. 6; ' scales 881*-100; ©* gill rakers mod-
erate length, weak>* 10-12 on lower arch; 7 teeth
11-14+30-34

10-16 4-30-42"

Body proportions expressed as percent SL or HL: Body
depth 41.7-44.4 SL; head 23.5-26.7 SL; 't eye 16.7'-
22.2 HL; ? lower jaw 35.7-37.5 HL."

Body ovate-elliptical, strongly compressed; ** caudal
peduncle short, deeper than long; * head with a project-
ing snout,** upper profile with a concavity in front of
eve; *'* mouth small; gape ending before eye,* below
anterior edge of portion of eye.”'* Teeth small, conical,
close-set, uniserial on each side of jaw.* Scales imbricate,
nearly uniform, strongly ctencid on ocular side, cycloid
on blind side.>* Lateral line with a low arch over pec-
toral fin.” Dorsal fin origin just behind posterior nostril
of blind side and above anterior portion of eye; '* caudal
fin rounded; >* anal preccded by a short, sharp, forward
facing spine,” origin under tip of gill flap; pelvic fins in
advance of pectorals.! Intestive with 3 or 4 irregular
coils, 3+ 1 long pyloric appendages.**

Pigmentation: Background color variable, slaty olive
tinged with reddish,® brownish olive tinged with green **
or brownish olive,>*® reddish irregular spots; ***!2 blind
side white 5'* or yellow, 4% margins of dorsal fin, anal
fin and caudal peduncle yellow; #*#2¢ pupils black; iris
golden.®®

Maximum size: To 35 cm ? or 60 em.*

DISTRIBUTION AND ECOLOGY

Range: Northern shores of Gulf of St. Lawrence to
Virginia.*®

Area distribution: Chesapeake Bight,’ Delaware Bay 3
and lower Chesapeake Bay.*

Habitat and movements: Adults—on bottoms of sand or
sand and mud; “* occur in localized populations which
may make short, seasonal migrations; ©** found from
—1.0" to 122 C,* concentration at 3.0 G;** reported
from 9 m* depth to 218 to 238 m,>"® most common in
depths Iess than 73 m ** but more than 37 m.*

Larvae—pelagic, movements largely limited to those of
the water mass they are in, movements not extensive;
reported from 4.1 C7 to 20 C*° 90% of small larvae in
range 4.1-8.9 C; 7 peaks of abundance at surface at night,
at 10 m*° or 20 m in daytime (WGS).

Juveniles—no information.

SPAWNING

Location: Eggs most common over depths of 45-75 m!

Season: Prolonged, with each female spawning more than
once,? mid-March ® to September.® peaks in April
June in New England,*" latter half of June and July i
Canada.*'®

Temperature: Probably at 5-7 Cor45-81C7

Fecundity: 400,000 to 4.8 million eggs. Also described be
formula: **

F=4.69 log L—145, where: F=egg number, L=length

in em.

EGGS

Location: Pelagic, near surface.? ¢

Fertilized egg: Spherical; »** transparent; ** germin:]
disc very pale buff in life; * .79-1.01 mm, average 5
mm %% or .9 mm; surface with minute striation
perivitelline space narrow.®

EGG DEVELOPMENT

Three groups of pigment just prior to hatching, on h‘fafi:
region of vent,* halfway between vent and tip of tail

Incubation period: 5 days at 10-11 C24®

YOLK-SAC LARVAE

Average 2.75 mm at hatching, 2.00-3.52 mm range.*’
Anus immediately behind yolk sac.®

Pigmentation: A faint ventral row of very fine pigment
granules, a fine scattering of pigment may or may Wt
be apparent on head and one or two small patches o
tail.c

LARYAE

From at least 4°¢ to 14 %% mm.

D. 76 at 14 mm; A. 59 at 14 mm; * caudal rays formed
by 10 mm.?
T, ﬁﬁ[

Pigmentation: Four vertical bars present by 5.5 o
at pectora] fin and rest spaced evenly, a row of Plgm:eé .
along dorsal margin of gut cavity and some sealt
pigment on back of head.®
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Fig. 102, Limanda ferruginea, Yellowtail flounder. A. Adult, size unstated. B, Egg, diameter unstated. C. Yolk-
sac larva, 2.7 mm, color pattern forming. D). Larva, 4.1 mm. (A, Bigelow, H. B, and W, C. Schroeder, 1953:
fig. 136. B, Bigelow, H. B., and W. W. Welsh, 1925: fig. 252. C, D, Milles, D., 1958.)
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Fig. 103. Lémanda ferruginea, Yellowtail flounder. A, Larva, 5.9 mm, candal rays forming. B. Larva, 10.3 mm,
dorsal and anal rays nearg all formed. C. Larva, 14 mm, migration of eye nearly complete. (A, Miller, D.,
1958. B, C, Bigelow, H. B., and W. W. Welsh, 1925: figs. 253, 254



JUVENILES

From 14 mm ? to at least 26 cm.»®

GROWTH

Canadian stocks slower growing than U.S. stocks but
reach a greater length and age.’’ Off Canada both sexes
have same growth rate for the first seven years,* off
southern New England sexes have same rate for only two
vears.'” Attain length of 13 cm at end of first year,” 26
em in 2 years off southern New England, 25 to 30 cm
on Georges Bank.*?

AGE AND SIiZE AT MATURITY

Off Newfoundland 50% of males mature by 5 years, fe-
males by 6 years; ’* some mature as young as 2 to 3
vears, Off New England males mature before 26 cm
TL, 50% of females mature by 32 em TL; ** off Nova
Scotia females mature over the range 36 to 45 cm,"* 50%
mature at 37.4 em; '" males over range 30 to 35 cm,
30% mature at 31.3 em.®

R S

&

11.
12,
13.
14,
15.
16.
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Pseudopleuronectes americanus (Walbaum), Winter flounder

ADULTS

D. 59 °-76; > A, 44°58;%>'* C, 19, 13 branched; P.
{ocular side} I10-11, 3-7 branched; '* scales 77 °-89;*
vertebrae 10 26; 52! gill rakers short, 7 or 8 on lower
Hmb; teeth oo o2 31 pylori s

imb; tee 0-2+ 1017 + 1 pyioric caeca.

Body proportion expressed as percent SL. or HL: Body
depth 38.5-50 SL; head length 21.7-27.8 5L; ** eye 20.4-
32.8 HL; snout 19.2-21.7 HL.*

Body elliptical with dorsal and ventral outlines about
evenly curved,® caudal peduncle heavy;" head small
with a pointed snout,* upper profile straight ** or slightly
concave over cyes; ** mouth small with asymmetrical
jaws; ® gape to anterior margin of lower eve %4 or short
of it.*"* Teeth small, incisor-like, uniserial, present on
both sides but more numerous on blind side *!* or no
teeth in right upper jaw.®'* Scales small, strongly ctenoid
on eyed side, extending onto fin rays; less strongly
ctenoid, almost smooth on blind side® Lateral line
straight or, at most, slightly arched at level of pectoral
fin?* Dorsal fin origin over anterior part of upper
eye; %1% caudal fin round; pelvic fins small, origin
under pectoral fin base; anal fin origin about one eye
diameter behind base of pectoral fin® or under middle
of pectoral fin base.®

5,14,21 41

Pigmentation: Body color variable reddish brown;
olive green® to almost black,"* able to change colora-
tion somewhat; * plain or mottled; %' fins nearly
plain; ¥ underside whitish 5242241 with underside of
peduncle whitish or yellowish,**

Maximum size: Reported to reach 64 cm **" but most
are under 40 cm.*

DISTRIBUTION AND ECOLOGY

Range: Northern Labrador to Georgia.®14:15.1#

Area distribution: Throughout Chesapeake Bight ®'' and
Chesapeake Bay.*

Habitat and movements: Adults—mud or grassy bottoms
preferred #7542 but also found on sand or clay %4 or
even gravel *° and on offshore banks.’> Overwinter in
deeper channels of inlets ' or offshore *1°12:%7 with these
movements being just enough to reach desired tempera-
tures and with return to shore or shoal waters coinciding
with warming to 10 C;* most movements encompass
short distances #171924% and are nearly random; * re-

orted from freshwater to seawater ! bhut salinities

elow 15 ppt are lethal over long periods of time; *»**
reported from —1.5 ** to 28 C ** but avoid waters ocooler

than 0 C ** or warmer than 14-15 C; " occur from shore
to 128 m ™ but not common in water deeper than
36 m.2* :

Larvae—pelagic but strongly bottom oriented kefore
completion of metamorphosis,® yolk-sac larvae on bot-
tom when not actively swimming; #* seldom encountered
on finely divided mud bottoms or among dense vegeta
tion, mostly on sand or sand-silt bottoms.?? It is be-
lieved that those flushed out of the estuary to sea havwe
very little chance of survival to metameorphosis.’®* lu
late spring there may be movement from upper estuary
to lower.” Known from 3.5 to 27.7 ppt salinity * with
peak abundance between 6 and 15 ppt; * —0.87 to 18C
with most present in 4-13 C;* newly hatched larvac
within a few centimeters of bottom ** in depths less tha
37 m; oceur within 25 km of shore, concentrations neat
mouths of estuaries.'?

Juveniles—benthic,*” remain in estuaries until 2+ yeas
0ld,** also on sandy shores; ** stay inshore except to avoid
temperature extremes; '***** salinity 4-30 ppt,** normal
growth at 20 ppt but not 30 ppt;* 0-25 C,** incipient
lethal temperature —1.0 to —1.5 C,** smaller indivicual
more tolerant than adults to higher temperatures,™ ex
hibit normal growth only between 12 and 16 C; avoid
30 C; ** age classes T and II mostly at depths less than
18 m except in colder weather when they are at depths
18 to 37 m.*»

SPAWNING

Location: Occurs inshore on sandy bottoms,*'>" in
estuaries; >9 at depths from 1.8 to 3.6 m; 141> reported
to have highest hatching success where eggs are Inid on
algal mats; ¢* there are a number of independent Jocal
spawning populations.:®

Season: Occurs from mid-December to May,” peak i1
March from Chesapeake Bay to Cape Cod, April 8
southern New England.?®

Spawning time: Between 2200 and 0330 hours.”

Temperature and salinity: Spawning between i-10 (‘:E
peak at 2-5 C;*® ovulation not occurring above 6 C:
salinity between 11.4 ppt '* and 33 ppt.**

Fecundity: Maximum number of eggs reported 338
million.?’ Average fecundity 500,000 eggs)'smaﬁ fe-
male.’#1%27 Described by formulae:

Log fecundity (thousands of eggs)=1.1272+ 0.7701 l;ﬁ
total length (mm)—0.04877 log weight (grams)—-L17
log gonad weight (grams).

Log fecundity (thousands of eggs):2.6712+1.1383 log
weight {grams).* :
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Length unstated

0.8 mm

0.8 mm 0.8 mmg

Fig. 104. Pseudopleuronectes americanus, Winter flounder. A. Adult, length unstated. B. Unfertilized egg, 0.8
, 0.8 mm, eight-cell stage. F. Egg,

mm. C. Egg, 0.8 mm, two-cell stage. D. Egg. 08, four—cell stage. E. L
ifferentiating, embryonic shield overgrowing yolk. (A, Tracy, H. C.,

0.8 mm, morula. G. E g, 0.8 mm, emb
1908 pl. 8. B.G, Breger, c. M., Ir, 1925: fig. 274.)
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EGGS

Location: Eggs have a specific gravity of 1.085-1.095
compared to 1.010-1.024 for the water,>*® therefore lie
on bottom; *1417¢% found in about 30 cm water over
mud flats; * eggs discharged by groups of circling fish
s0 that they are spread over an area; ** occur singly and
in aggregates of 2, 3 and 4."*

Unfertilized eggs: .33-.93 mm.*

Fertilized eggs: Spherical; ® sizes from .71 *° to .96 mm,*
average 0.80 mm; *** membrane surface “resembled fine
grained leather in texture”; ** adhesive; #*2*" yolk color-
less, with finely tuberculate surface*

EGG DEVELOPMENT

At 20.6 C, first cleavage at 2 1/4 hows after fertilization
At 24 hours, blastoderm broken up into a high number of
cells; at third day, neural tube formed; by tEe end of the
sixth day, somites forming at mid-body, Kupfer's vesicle
formed, optic anlagen visible; by the end of the ninth
day, optic cup complete, xanthophores sprinkled over
body, these punctulate; on the fifteenth day, concentr.
tions of chromatophores in a vertical band in the caudd
region, heart beating, cephalic region finely tuberculate,
hatching beginning.*®

Eggs develop to hatching over the range —1.8 to 18 C,
but with lower hatching success above 10 C,*” in another

Diameter unstated

F

4,0 mm TL

Fig. 105. Pseudopleuronectes americanus, Winter flounder. A. Egg, 0.70 mm x 0.73 mm, ventral view, eye cup
visible, p(iigmeut present, somites visible. B. Egg, diameter unstated, dorsal view, about the same stage ss fig. A
#

C. Egg.

ameter unstated, advanced embryo. D. Egg, diameter unstated, near hatching. E. Egg, 0.8 mm, ven-

tral view, near hatchi;g. F. Yolk-sac larva, 4.0 mm TL, newly hatched, (A-D, Agassiz, A., and C. O. Whit-
man, 1883: pl, 16, E-F, Breder, C. M., Jr., 1923: fig. 274.}
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Fig. 108. Pseudopleuronectes amervicanus, Winter flounder. A. Larva, 4.2 mm TL, 19 days oid. B. Larva, 4.2
mm TL, dorsal view, 19 days old. C. Larva, 5 mm, fin rays differentiating, flexion occurring. D. Juvenile, 8
wm. (A-B, Breder, C. M., Jr, 1923: fig. 274. C-D, Bigelow, H. B., and W. W. Welsh, 1925: fig. 260.)

€t of experiments decreasing survivel as temperature in-
freases from 3 C; 8 hatching occurs over the range 4.5
PPEto 40.0 ppt salinity,*s hatching takes place at 35 ppt,
a;‘; l;e;te of development retarded; * optimum survival
4 developmental rates dependent on temperature-sa-
t‘}’]ﬂlt}’ combination but this optimum lics somewhere in
® range hetween 15 and 35 ppt salinity. s

Iné“h*"“‘m period: Either die or hatch by 18-24 days at
’é“'f!i'age 21 days; ** 25 days at 3 C; ‘& 24-98 days at
1§ erage 26; 17-19 days at 12-17 C, average 18; 2

days at 2.7-3.3 C# or 17-18 days.»e.4

YoLk-saC LARVAE

Hateh at 2.3 mm 26

My 4.1 to 3.5 mm,** yolk absorbed by 5

At hatching almost transparent except for eyes which
may or may not be chrome yellow and a vertical pigment
band on tail, also pigmentation around vent.*®

LARVAE

From 5 mm *'%* until eye migration complete at 6.5
mm,'® 8 mm ' or 9 mm.

Dorsal fin rays 60-76 at metamorphosis, anal 45-58; *° eye
migration completed over a 3 day period; ” otoliths not
vssified before left eye reaches median position (about 7
mm); ** at 5 mm, position of finfold similar to that of
adult fins, notched between incipient dorsal and caudal
by 5.8 mm; notochord flexes by 5.8 mm.'®

Pigmentation: Patch of pigment at angle of lower jaw; 4
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large spots ventral to heart; line of pigment along dorsal
side of notochord and corresponding lines along dorsal
and ventral borders of body, spots along ventral borders
more expanded than others in lines; patches variable on
abdominal region and over heart; dorsal finfold unpig-
mented or with a few scattered spots with no fixed
arrangement; two nearly unbroken lines in ventral fin-
fold; some expanded erythrophores on ventral finfold.™

JUVENILES
Smallest size 8.5 mm % or 6 to 9 mm.27

Finfold remnants still observable at 6.5 mm.2®

Pigmentation: At 6.5 mm brain and spinal chord dis-
tinctly outlined superficially by pigment spots; pigment
of lett side decreasing; at 8 mm right side completely
pigmented, left side has lost pigment except for a few
scattered spots; at 20 mm all pigment lost on left side; *¢
right side olive brown spotted with red.

GROWTH

Growth varies from locality to locality,** northern popu-
lations grow more slowly than southern ®*% with a seem-
ing cline.*® Fermales grow faster; **3* in Rhode Island
grow 10 mim/mo. for first summer; ** in Connecticut reach
about 70 mm at end of first year and 160-170 mm by end
of second.*®

AGE AND SIZE AT MATURITY

May mature at 3 years; 22 in Newfoundland all are ma-
ture by 9 years, some males by 4 years, some females by
3 years. In Newfoundland 50% of all males are mature
by 21 cm, 50% of all females are mature by 26 cm.>®
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FAMILY SOLEIDARE

These fishes, like the Pleuronectidae, have both eves on the right side of the
body. Thus they are shown facing right unlike other species in these volumes.
Adult soles are easily distinguished from the right-eved flounders by baving their
preopercular margins covered with skin and not free. Soles are primarily tropical
and temperate and are represented in the area by a single species, Trinectes
maculatus (Bloch and Schneider), the northern hogehoker. Maost soles are marine
or estuarine but many, the hogchoker included, are capable of invading fresh-
water. Most soles which invade freshwater, the hogehoker again included, are
unable to maintain all life stages in freshwatcr; however, in South America some
are largely confined to freshwater.

Sole eggs can he differentiated from bothid or pleuronected eggs by the
larger number of small oil droplets, which are often in irregular clusters, unlike
the scattered droplets in cynoglossid eggs.
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Trinectes maculatus (Bloch and Schneider), Hogchoker

ADULTS

D. North American population 504122°-56,5'% South
American population 536-57; * A. 36 *'°—486; ** P. wanting,
but some specimens with a single ray; ** C. 1413 (JWT)
or 16; V scales B6-T75; “*" vertebrae 8+20°" or 9+ 19-
201

Body proportions as percent SL: Head length 21.3-28.8;
depth 54.3-57.2; eye 2.1-2.7.*

Body broad, dorsal and wventral outlines about evenly
convex; * short, broad caudal peduncle (JWT); head
short with a blunt snout; mouth small, terminal, jaws
considerably curved,® upper jaw slightly longer (JWT};
lower lip fringed; *" maxillary extends under anterior
half of lower eye®* Teeth in villiform bands, present
only on blind side.® Scales small, strongly ctenoid on
both sides.*®%'* Lateral line indicated by a narrow
stripe but with no pores® nearly straight” Caudal fin
round; anal origin under margin of opercle; pelvie fins
moderately developed,® right pelvic fin continuous with
anal fin; ' dorsal origin on snout tip.'>*

Pigmentation: Sides usually dusky with 7-8 black verti-
cal lines, sometimes mottled,** fins with pale and dark
streaks or spots,® the spots being more usual in juveniles
and streaks in adults; * blind side white or with some
brownish pigment and variously spotted with black;®
capable of changing coloration somewhat, those on mud
are generally darker and those on sand lighter and with
6 spots on side, takes about 5 seconds to noticeable
change in pattern, ahout one hour to reach extreme
coloration.™

Maximum [ength: 202 mm.*

DISTRIBUTION AND ECOLOGY

Range: Maine ** to Venezuela and in the northern Gulf
of Mexico.*

Area distribution: New Jersey; Delaware Bay; ® Atlantic
bays of Delmarva Peninsula;'* and Chesapeake Bay
from Havre de Grace, Maryland south.®

Habitat and movements: Adults—shallow waters, over
mud,” "% sand or silt; ** bays ?* and estuaries; % in-
shore in summer, deeper water in winter,” found inshore
in Georgia estuaries in all months except January; 2
0%*-50 ppt salinity,”® sexually mature individuals not
usually in freshwater; ** 5-35 C; ** 15 cm ™ to 60 m; 7%
completely inshore,1®

Larvae—move into low salinity waters.!?

Juveniles—shore zone; * move up streams ¢ up to 240

km inland,*" winter over in bays; *2 0.0-8.9 ppt salinity,
11C-351Cm ‘

SPAWNING

Location: Takes place primarily in estuaries }-71¢ by
eggs may be carried as much as 11.1 km offshore. v

Season: April to October ™ or as early as January,” smal
juveniles every month but May; ** in Florida appear to
be vear round in northern Gulf of Mexico:; * Mav' o
September in Chesapcake Bay,"* June to September in
North Carolina.*®

Time: Spawning in evening,® 1800-2000 hours.™

Temperature and salinity: Spawning starts when water.
reach 20 C, peaks at 25 C; eggs reported [rom 0-24 ppt
salinity, majority at 10-16 ppt.’

Fecundity: At 87 mm SL, 11,075 eggs; 108 mm SL
23,075 eggs; '* 165 mm, 54,000 eggs.®*

EGGS

Location: Near surface in higher salinities,™" nea
bottom in lower salinities.’

Preserved unfertilized eggs: Elongate ovoids, generalls
with 2-8 flattened depressions,’* averaging around J
mm.®'*

Unfertilized eggs: .66-.84 mm with an average of 7
mm.*?

Fertilized eggs: Spherical ° or ovoid; ' yellowish, greer
ish or uncolored {(WW); ranging from .67 '* mm to 5-
84 or 1.22-1.05 mm, salinity dependent, being smialler
at higher salinities,’ .80-.88 mm in Cape Fear River at
25-30 ppt (WW}; yolk yellowish or greenish, oil droplets
up to 0.06 or .02-.10 mm in Cape Fear River eggs (WW!
15~34 in number,’” 20-50 in Cape Fear River ege
(WW); perivitelline space not noticeable in marme
eggs.’” but present in estuarine eggs.’

EGG DEVELOPMENT

At 23-24 C, times presumed: .
2 to 2 1/2 hours after fertilization—4 cells to ma"

cells.
2-3 hours after fertilization—all in advanecd cle¥
age stages. Jes
6-8 hours after fertilization——many greenish grant®
present. ot

13-14 hours after fertiliza;tion—embr)’os ‘_WH N
lined, eyes just becoming visible; greemﬁh grd



Soleidae—soles

Fig. A ; macul, ker, A. Adult, 124 mm SL. B. Egg, diameter !xnst_:abed, very ear] _ in de-
v; op::?gnt.Ta?egeg, diamefel:s,mllisct,agt%}:f two-cell stage, about half an hqur after fel-ﬁ]t];zshm_l.htD. ﬁgg, emn;)eci:
unstated, four-cell stage, about 45 minutes after fertilization. E. Egg. diameter é:psta . elgtat:; n:n?-ﬁ];; athme
one hour after fertilization, F. Egg, diameter unstated, 16-cell stage. G. Egg, ¢ ;&{eter 1;;;8 ed. orila, dhres
or four hours after fertilization. (A, Jordan, D. S., and B. W. Evermann, 1896 : fig. 948. ) »
$. F., and L. E. Cable, 1938: figs. 142, 143, 144, 145, 145, 147)
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Fig. 108. Trinecies moculatus, H ker. A. Egg, diameter unstated, neurulation beginning. B. Egg, diameter
ization. C, Egg, diameter unstated, advanced embryo. I3. Yolk-sac larva, 1.8

unstated, about 12 hours after fe
mm, newly hatched. E. Yolk-sac larve, 2.4 mm, yolk almost absorbed. F. Larva, 2.2 mm, note condensation 0
igment blotches. {(A-F, Hildebrand, 8. F., and L. E. Cable, 1938; figs. 148, 149, 150, 151, 152, 153. Figs. D

%, and F reversed.)



ules present on embryo with some scattered on
yolk, a few more or less distinct chromatophores
visible.

20 hours after fertilization—embryo 2/3 around
periphery of egg.

28 hours after fertilization—embryo 3/4 around egg;
tail sharply recurved; heart beating slowly; green
granules still numerous; many chromatophores
present both on embryo and yolk.

36 hours after fertilization—hatching complete.
During early cleavages cell sizes vary considerably,
blastederm flat; durin%)]ater cleavages blastoderm dome-
shaped with a cavity beneath it.'®

Incubation period: 26-36 hours at 23-24 C.1°

eyt

Length unstated

Soleidae—soles

YOLK-SAC LARVAE

Hatch at 1.7-1.9 mm; yalk sac still retained at 2.2-2.4
ram (18 hours after hatching).’®

Swim or float initially on back; tail straight and pointed;
at hatching head deflected with a prominent hump, fin-
fold wide at hatching; anus about at mid-body; yolk mass
large at hatching, very small at 2.2-2.4 mm, with oil glob-
ules retained; at 2.2~2.4 mm head no longer deflected,
hump more prominent, mouth open.'®

Pigmentation: Green specks on yolk sac and body except
distal part of tail; on finfolds green specks concentrated
to form blotches which are somewhat variable in size,

Fig. 100. Trinectes maculatus, Hogchoker. A. Larva, 3 mm, 7 days old, melan

hores

i ho:
- Larva, length unstated, 14 days old, C. Larva, length unstated, 17 days old, flexion of notoc
{a-c, Hﬂd:;rgand,u s thdm LE ?:abxe, 1838; fgs. 143, 155, 156. figs. A and C reversed.)

rul.iferatizF on body,
aceurnng,
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S
Longth nastated

Fig. A3 Pringcten marsiotes, Vogdger, A, Lares, Jongh anssied, 22 dess o8 8. Lervy, lougth upstuled
ayh ndgeing €. Juvenid, Vb g, adtds sefor pati, 0L nok ohtaied, sral Sosmatins v ey S Weust
plete. ﬁ | hiddehoend 5 B, ard . B Qalle, J038 £ge 157, 358, I8}



Acnsity and position; veually one fn finfold over volk
. one in fold over vept, generally with a correspond-
y sl bloteh fust belind veme and goather Jorsal and
epha) pair at abour mid-caudal fength. In addition &
wee snecky, there are more o less definite melano-
heres variousfy distributed op body and Apfold

LARVAE

Yolk alworbed by 2.8 mme (48 bours after hatching), aye
mgrating by 34 mua {34 days after hatching)

Body shender at volk absorption, betoming deeper at 3.0
w50 that at 18 days, 38 rom, body deep and strongly
wiprested, Hump ont head lower at 235 ppn, bead
* e elotigaty at 2.5 mm. notch present 3.8 i (26 dayt)
deovgh which eve will migrate, voteh Tnore gronotinged
o 52 doys but eves still symintetrical; moouth moved for-
wargd with faw slightly projecting at 218 mum, Jowes Jaw
wongty projecting at 2.5 mun becoming asvemetrical
wmewhat Kke adult ot 5w (34 days); eve lo dorsal
ridge xt 34 days. Indication of vsys in Bofold ar 33
w47 days) rays folly developed at 26 davs (3.8 mml
pertora} prominest »% 38 wun: pelvic fins present by 5
wm (34 days); urostyle Hexed by 17 days'®

Figmentation: At 218 mm polor about as in yolksac
‘rvat cxeept pigovent spots i finfold swaller and wore
wncgptrated. At 39 mm very JeBuite dark chromato.
phores on head apd ybdumien, definite ¢rossbars usvally
mesept. Barvs on body stfi present at 14 dayvs buat pige
went in vengral fmfcld not congentyated in blofches in
the ane specimen described, however, a geneyal increase
b medangphores, Pigmentation simnilar om both sides o
1 days, At 34 days pigment blotehes essentially a5 i
arly Buvae gnd general pigmentation is well developed
il ba;}; dee-?*m

HVERILES

aliist described specimen 18 mm

‘3:*“0‘ sealed ot 18 mpm; anel fin and ansd ars facward at
9 mps, pectorad B present in part at 15 rm, post lost
viese by 2530 mm, however, ope gt 43 mm sl retained
® Tudiment 20

Sgmentation: At 18 mm fally pigmented on vight side
il with spots n figs, these last by ahout 26 mm,
P8 wossbars &e@ later; blind side usually unpig-
Eed ot 18 mum, byt often dusky or sputte®

Soleidag-—sples
GROWTI

Yy Apey age oiass § Sk 15100 wop, wode at 35 mm,
these being, 7-12 months wld; age dags 11 wode sround
140 mom. ' I anather study, average langth of 1 yeaa old
Zsh, 437 pm Sh; 2 vear pld fich, 65.6 yan $1i 3 year old
fish, 438 wm SL 4 vesy old ful, 20X zom 815 5 vear
old figh, 113.5 mm 81 6 vear old fish, 1244 wan SL; and
T yeng ol Bsh, 131 e SL7 Ooe study found masimwe
feeding rates and gowtl at 85 O and 30 ppt salingty.®

AGE AND SIZE AY MATURITY

May nigture a5 early a3 2 years % Wyt o8} are marure
by o vears. Smallest gravid Female reoorded way 47.8
o K1 ¢ vogdues by 115 mmi e 4 yeor old ferale e
at 1)1-124 raro.®
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Fig. 111. Symphurus sp., Tonguefish. A. Larva, 2 mm. B. Larva, 2.7 mm. Color pattern similar to that shown
for 8. plagiusa by Olney and Grant but gut more loosely coiled. C. Larva, 4.75 mm. D. Larva, 7 mm. E. Larva,
10 mm. Compares very well with 8.2 mm specimen of 5. plegiusa illustrated by Olney and Grant. (A-E, Hilde-
brand, S. F., and L. E. Cable, 1930: figs. 91, 92, 93, 94, 95.)



FAMILY CYNOGLOSSIDAE

These distinctive flatfishes are primarily of tropical and subtropical distribu-
tion. All New World species are small in size. While most common in relatively
shallow waters some species occur in Quite deep waters on the continenta) slope.

Hildebrand and Cable, 1930, give an account purported to be for Symphurus
plagiusa from the area of Beaufort, North Carolina; however, data presented by
Olney and Grant (1976) indicate that Hildebrand and Cable may have erved
in identifying their material as S. plagiusa. The drawings published bv Hilde-
brand and Cable are presented here {fig. 111} becausc of their historical interest
and because they are among the few published drawings of Sympharus larvae.
In addition to Olney and Grant’s data, vertebral counts indicate that there may
be three or more species confused, any of which may occur in this region,

Olney (personal communication} states that S. pterospilotus and S. marginata
occur in this region but this information came too late for inclusion of these
species in the present volume.

213
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Symphurus civitatus Ginsburg, Offshore tonguefish

ADULTS
D. 87-92; A. 70-77; C. 11-12,* 6+ 6; * scales 70-79."

Body proportions as percent SL: Depth 30-34; head
length 19.5-2L.0; preanal length 24-26.*

Gape to under posterior margin of lower pupil, Teeth
extending over anterior half of upper jaw or less, none
on fower jaw.”

Pigentation: Crasshands uvsually absent or faint, some-
times fairly well marked, no hlack spot on opercle, oc-
casionally with a dusky area: caudal and posterior part
of dorsal and unal varigble dusky, somctimes nearly

black.”
Maximum length: 152 mm.!
DISTRIBUTION AND ECOLOGY

Range: Cape Tlatteras, North Carolina to Port Aransas,
Texas."

Avea distribution: Due to the effects of the Gull Stream,
larvac mayv stray into our area.’

Habitat and movements: Adults—11—46 m depth.*

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information,

JUVENILES

No information.

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.

B

LITERATURE CITED

Smith, W. G., ]. D. Sibunka, and A. Wells, (975Ai
62-66.

Miller, G. 1., and S. C. Jorgenson, 1973:305.

Ginsburg, 1., 1951:185-201,

Walls, ]. ., 1975.390-393.

Fig. 112, Symphurus cioitatus, Offshore tonguefish. A. Adult, 125 mm. (4, Ginshurg, 1., 1951: fig. L}
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Symphurus diomedianus (Goode and Bean), Spottedfin tonguefish

ADULTS
D.$8-93; A. 73-78; C. 10-11," 5+5-8;* scales 85-97.°

Body proportions as percent SL: Depth 28.5-31.0; head
lengtl 18-20; preanal length 23-26.°

Tecth absent in upper jaw on eved side except oceasion-
allv a few at the svmphysis, also a few on the middle of
the lower jaw.”

Yigmentation: Almost uniform brownish or with faint
traces of erossbands or frregularly mottled or blotched
with durk shades: posterior part of dorsal and anal fins
vartably dusky, sometimes ncarly black with 14 rounded
megularly spaced spots on cach fin not far from caudal
fin on about posterior fifth of SL, the spots moderatcly or
strongly marked, sometimes faint or hardly perceptible.:

DISTRIBUTION AND ECOLOGY

lange: North Carolina to Brazil including Gulf of
Mexico.?

- Area distribution: Off Virginia (JEO): due to eflects of
- the Guif Stream, larvae may strayv into the areal’

. IHahimt and movemnents: Adults—probably prefer hard
Df.]'tf(JI'tl.‘a" * marine salinities: 2 15% to between 146 and
18 m, in 122-260 m off Virginia (JEO).

" SPAWNING
Ny tormation,

EGGS

Noind nation,

A Adult

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No mformation.

JUVENILES

No information.

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information,

LITERATURE CITED

—

Swmith, W. C.. J. D. Sibumka, and A, Wells, 1975:60,
6266,

Franks. ]. 8., er ol 1972:124-125.

Hildebrand. H. 1., 1954.2968-297.

Miller, G. L. and 8. C. Jorgenson, 1973:305.

Ginsburg, L, 1951:155-201.

Walls, J. G.. 1975:390-393.

Longley, W. ., and S. F. Hildebrand, 1941:48.

2.
3.
4.
5.
B.
7.

152 mm

i 113, Symphurus diomedianus, Spottedfin tonguefish, A, Adult, 152 mm. (A, Ginsburg, 1., 1951: pg. F.)
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Symphurus minor Ginsburg, Largescale tonguefish

ADULTS
D. 72:-76;* A. B6-61; C. 10-112 5+ 5-8; * scales 55—
56; * vertebrae 9+ 34=43."

Body proportions as percent SL: Depth 25.5-30.5; head
length 22.5-24.5; preanal length 27-30.2

Teeth on eyed side extend over anterior half of upper
jaw.z

Pigmentation; In preservation, irregularly shaded or dif-
fusely spotted all over without distinctive markings, may
have suggestion of crossbands on posterior part of body.?

DISTRIBUTION AND ECOLOGY

Range: Halifax, Nova Scotia to southern Florida.?

Area distribution: Not definitely reported for this area,
included because its larvae may stray into the area

(FDM).

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT
No information.

YOLK-SAC LARVAE

No information,

LARVAE

No information.

JUVENILES

No information.

GROWTH

No informatiomn.

AGE AND SIZE AT MATURITY

No information.

LITERATURE CITED

1. Miller, G. L., and S. C. Jorgenson, 1973:305.
2. Ginsburg, 1., 1851:185-201.

42 mm

Fig. 114. Symphurus minor, Largescale tonguefish. A. Adult, 42 mm. (A, Ginsburg, I, I551: fig. A.)
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Symphurus plagiusa (Linnaeus), Blackcheek tonguefish

ADULTS

D. 85-92; A. 69-78; C. 9-11* or 10, 5+ 5; " scales 70-
55, 2 yvertebrae 46-48, 94+ 37-539.1¢

Body proportions as percent SL: Depth 29.53-3L5; head
length 18.5-20.5; preanal length 24-26.*

Budv elongate, darsal and ventral outlines about equally
convex; head short with snout blunt; mouth small, twisted
toward blind side. Teeth minute, in villiform bands,?
present in anterior half or upper jaw, usually no teeth
on eved side of lower jaw, sometimes a very few teeth
at its side.” Scales small, ctencid, Lateral line wanting.
Vertical fins confluent, dorsal origin slightly in advance
of upper eye, anal fin arigin slightly posterior to gill
opening; single pelvic fin; pectoral fins wanting.’

Pigmentation: Variable; crossbars darker than ground
eolor, present or absent; sometimes with intensely dark,
very small specks; a large black spot on opercle centered
on its upper lobe, present in most specimens, usually
faint or absent in smaller specimens; sometimes a smaller
solid or broken black spot also on lower posterior part
of head; dorsal, anal, and caudal fins faintly or moder-
ately dusky, usually with a darker pigment along the
rays, 2

Maximum length: To 200 mm.*

DISTRIBUTION AND ECOLOGY

P}ange_: New York to the Bahamas and the Greater An-
tilles, in the Gulf of Mexico from Florida to the Laguna
Madre of Texas and the Yucatan Shelf.®

Area distribution: Delaware Bay; ** throughout the Chesa-

“Peake Bight; ¢ Chesapeake Bay south of North Point,
Maryland ¥

MHabitat and movements: Adults—estuaries,” bays,"’
:chanllt*ls and deeper flats 1 over mud,®1¢ %% sand %2
r:; . SP1?{T§EE vegetation; ¥ movements probably not exten-
' t.e; " in Gulf of Mexico, inshore throughout the vear **
.\‘:;)ugh :therg may be some offshore movement in the
_' .zgnter:.'.’ 0514499 ppt salinity,** most common above
'M}Jg‘t.‘;.ll,ln Texas not tolerating above 35 ppt; 7 5.0 ""“—
Joss 0 ** shore to 92 m 5" in Florida 97% were c:aught in
g 14 m * while in Texas 80% were caught in 11-16
< an inshore species.!

barva. mostly near the bottom; s 11-22 ppt salinity.®
‘i}r':‘;t?\311lf-s-~bottom; * a 10.3 mm juvenile taken at surface

hing over 10 m depth (JEO); 5 *-22 ppt salinity.™

SPAWNING

Location: Probably occurs at sea,” however; spawning in
large estuaries (such as Chesapeake Bay) is significant.??

Season: In Florida, March “* to September,'® in North
Carolina, late Mayv to October with a peak in June,® in
Chesapeake Bay ** and Delaware Bay, June, July and
August,’ this temporal pattern indicating temperature
dependence (FDM).

EGGS

Ovarian eggs round, largest measured 0.5 mm.* Tenta-
tively identified fertile eggs about 0.6 mm with 6-10 oil
droplets (JEO).

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

Mo information.

LARVAE

From 1.3 mm NL to at least 10 mm.

Vertebral count at 7 mm given as 9+ 34-38 * (this count
indicates a mixture of species present in the sample, per-
haps 8. minor, 5. cicitatum and S. plagiusa, FDM); 9+
37-3% myomeres at 6.2 mm NL; notochord flexion at
8.2-85 mm SL. Head deep with cerebral hemispheres
visible at 1.3-1.8 mm NL; forehead sloping; angle of
jaw sharp; eye roughly spherical. A single coil in ali-
mentary tract apparent at 1.3 mm NL, continues through
development. Body depth increases considerably at 2.4-
2.8 mm NL; at 3.7 mm NL maximum body depth occurs
at the point of greatest gut protrusion (depth=34% NL);
gut protrusion continues to be a most noticeable featare
until metamorphosis. An occipital hump of feshy tissues
on the anterodorsal margin above the pectoral fin bases
apparent at 2.2 mm NL, becoming conspicuous by 28
mm NI, between 2.8 mm and 3.7 wua NL the hump de-
creases in height, elongates along its base and gives rise
to 2—4 dorsal rays, 2 of which are produced and bifur-
cated, 2 or 3 produced rays apparent uatil at least 6.2
mm NL. Anal fin rays beginning differentiation between
37 and 4.5 mm NL; caudal fin rays incomplete at 6.2
mm NL; pectoral fin rays small with actinotrichia visible
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Fig. 115, Symphurus plagiusa, Blackcheek tonguefish. A. Adult, 120 mm SL. B. Larva, 1.35 mm NL. C. Lama,
1.83 mm NL. D. Larva, 2.30 mm NL, dorsal view. Note direction of gut coiling. E. Larva, $.30 mm NL, ven-
tral view. Note scattered pigment on lower side of gut and along mid.ventral region of tail. (4, Topp, B W
and F. H. Hoff, 1972: fig. 32. B-E, Olney, J. E., and G. C. Grant, 1976: fig. 2.)
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A
B 2.70 mm NL
C
D 4.30 mm NL

Fig. 116. § hurus plagiusa, Blackcheek tonguefish. A. Larva, 2.38 mm NL. B. Larva, 2.70 mm NL. Gut
eoil loosenin!gn%. La.rv?;,agﬁo mm NL. Dorsal filaments well-developed. D. Larva, 4.30 mm NL. {A-D, Olney,
I E, gnd & . Grant, 1976: figs. 2, 3)
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oy

Fig. 117. Symphurus plagiusa, Blackcheek tonguefish. A. Larva, .20 mm NL. B. Juvenile, 13 mm. Anterior-
most dorsal rays still showing evidence of having been dorsal filaments. C. Juveniles, 35 mm. (A, Oiney, I. E.
and G. C. Grant, 1876: fig. 3. B-C, Hildebrand, 8. F., and L. E. Cable, 1830: figs. 96, 97.)

at 1.3 mm NL, increasing in size with len&th, becoming 2.2-2.8 mm NL-—abdominal pigment increases; dark in{;

large lobate flaps by 8.2 mm NL, apparently undergoing ternal pigment under bases of pectoral fins; ove %arga!

reduction just prior to metamorphosis; eyes not migrating internal pigment spot over air bladder; scattered f‘-"eI:l:;'
ot 3

by 8.5 mm SL.* pigment grades into a distinct double row uf o
melanophores extending to notochord tip; dorsal pigm

Pigmentation: 1.3-2.2 mm NL—scattered melanophores . " =5 "o 0 matophore groupings.?

ventrally on gut; postanal pigment band 1/2-2/3 dis- ore
tance from vent to notochord tip; dorsally pigment occurs 3.7 mm NL—ventral double row of chromatop 0‘, o
in three concentrations. merges into two solid lines; additional pigment dorsaily



37-45 mm NL—dorsal pigment grades into two dark
lines, one on either side of dorsal fin; postanal band still
apparent.®

6.2 mm NL—median line of intemnal pigment dorsal to
vertebral column; internal melanophores on brain; addi-
tisnal ventral pigment line along bases of anal fin rays
{JEO}.=

JUVENILES

From at least 10.3 mm SL (JEO).

At 35 mm depth 28.6% TL; pectoral fin rudimentary at 13
mmy; abdomen no longer protruberant at 13 mm.’

GROWTH

34-68 mm in 6 to 9 months.5

- AGE AND SIZE AT MATURITY

- No information.
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Symphurus pusillus (Goode and Bean}, Northern tonguefish

ADULTS
D. 8588+ or 95-99;:® A. 7T1-75* or 83-85;% C. 12,34
6-6;° scales 7T9-82.+

Body proportions as percent SL: Depth 28.0-28.5; head
length 20.5-22.0; preanal length 27-28.¢ Teeth well de-
veloped, extending continuously over anterior half and

further back on upper jaw.*

Pigmentation: Color brownish, may have traces of
crossbands.*

DISTRIBUTION AND ECOLOGY

Range: New York and Culf of Mexico,? distribution
discontinuous ' or at least no published records from
between these points (FDM).

Area distribution: Not definitely reported for this area;
Smith, Sibunka and Wels list it as a possible species
contributing to the larvae caught in the area.®

SPAWNING

Ne information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information.

JUVENILES

No infarmation.

GROWTH

No infoermation.

AGE AND SIZE AT MATURITY

No information.
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Fig. 118. Symphurus pusillus, Northem tonguefish. A. Adult, length unstated. (A, Goode, G. B, and T. II.

Bean, 1895: fig. 378.)
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FAMILY ECHENEIDIDAE

These mostly tropical and warm temperate pelagic fishes are unique in that
the spinous dorsal has been modified into a cephalic sucking disc. This dise
serves to attach them to host fishes, turtles or other obhjects, so that if an oceanic
species attaches to a host which approaches land, they too become included in
the nearshore fauna. The relationship between remoras and their hosts is one of
cleaner fish, scavenger or simple hitchhiker, but for some species it may be a
combination of all three. Inshore species are not extremely host-specific, but
oceanic species tend to be more host-specific with few specimens taken swimming
free of their hosts.

An ancestral relationship to the cobias is often postulated. However, this
theory is in contest and the evidence is being weighed.
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Echeneis naucrates Linnaeus, Sharksucker

ADULTS

D. XXI to XXIX (lamellac) 2-—33-45, modally XXIII, 39;
A. 31-41; modally 36,7 C, 37-40, 10-11+9-+84+10-
12; =% P. 20 7-*%-26; ** V. 53; 7 branchiostegal rays 9; * ver-
tebrae 297 or 30,*+2%2%200 124 171¢ or 14+ 16; +2¢ gill
rakers 11-16 on lower limb.**

Body proportions as percent HL or SL: Head length
17.5%-20.2 SL; * body depth 7.7 **-11.0 SL; * disc length
10.2-11.6 SL; preanal fin length 49.1-49.7 SL;*° eye
14.5-16.7 HL. 7 or 2.5-3.0 SL.

Body elongate,® almost round in cross-section; ** head
depressed above,’™ a triangular pyramid with adhesive

disc on top; * mouth terminal, lower jaw projecting mark.
edly; * gape to anterior nostril.*** Gill rakers short and
slender, about equal to pupil® Teeth all very small*
upper jaw with 34 rows of teeth, lower jaw with 7 rows’
patches of crowded, very minute, pointed teeth on
tongue, vomer, palatines and pharyngeals.*® Scales ¢
cloid, of two distinct sizes, larger ones narrow, ending in
points and arranged in regular imbricated rows, smaller
ones truncate behind, less than half the size of the large
ones and arranged in pairs of rows of 3 abreast maink
along edges of larger scales; scales on lateral line long
slender, club-shaped with anterior opening constricted
and posterior end of each scale overlying 1/4 to 1/3 of
anterior part of following scale.?® Lateral line indistinct,

372 mm SL

130 mm SL

Fig. 119, Echeneis naucrates, Sharksucker, A. Adult, 372 mm SL. B, Head of large juvenile, 130 mm SL, dor-
saFview showing cephalic disc. C. Egg, diameter unstated, shortly after fertilization. D. Egg, diameter unstated,

late cleavage stage. E, Egg,

diameter unstated, 8 hours after fertjlization, neurulation occurring. (4, Maul, G E.,

1956: fig. 2A. B, Cadenat, ], 1953: fig. 4. C-E, John, C. M., 1950: pl. 7. B, printed reversed.)



beginning a short distance behind the upper end of the
pectoral fin base, beginning descent to mid-lateral position
at posterior end of disc; dise Jong, more or less narrow,
reaching posteriorly slightly in advance of pectoral fin
mid-tength?¢  Soft dorsal fin inserted at about mid-
body; caudal fin moderate, rounded in voung fish; * pec-
toral fins comparatively large and pointed,® tips reaching
very slightly bevond tips of pelvic fing, 7 pel\!ic fing
pointed, inserted under rear part of pectoral fin base.?

Pigmentation: Sooty * or blue-black band in region of
lateral line with whitish zones on each side;” the dark
band going from snout throngh eve to caudal fin; ™
ahove and below the whitish zones, ground color dark
gray,"* tan, brown, or blackish; " belly ivory white;’
dorsal and anal fins dark brown or gray % edged with
whitish or yellowish; upper and lower lobes of caudal
fin also edged in white,l*7"17%% these edges becoming
increasingly restricted with growth; pectoral and pelvic
fins blackish,*

Maximum length: To about 1000 mm %1182

DISTRIBUTION AND ECOLOGY

Range: Circumtropical; '*1*#¢ in western Atlantic from

Nova Scotia,?'® to Maceio, Brazil, and all of the Gulf of
Mexico.!

Area distribution: New Jersey; ™% Delaware Bay; ** At-
lantic coast of Maryland 22* and Virginia; ** and Chesa-
peake Bay south of the Bay Bridge.®

Habitat and movements: Adults—pelagic, attached to
sharks or other [arge fish taw1s1a.2027 fyrtles 192 or
ships; ** fresh water ? to 42.9 ppt salinity,® 16.91°35 C; ®

. 1055 m;** never captured far at sea. almost always in-
- shore (EAL).

Larvae—no information.

 Juveniles—attached to sharks and rays.”
; SPAWNING

- Season: Sexually ripe in February.?
' N“tE‘S'-_ Laid in batches, once or twice a day over a pro-
Ullg&(i peﬂodgl‘:

- EGGs

-~ Locatisn: Felagic; +12 occur singly.*?

Trans! icent ovarian eggs: 4-5 mm in diameter 7 (perhaps
M ene? FDM),

: ?_ipe “varian eggs: 2.40-2.55 mm, semitransparent, with
- 16 small of] globules.”

Ferils
- Terilived eggs: Spherical," colorless under reflected
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light, vellowish under refracted light; ** about 2.5 mm,*
24-2.5 mm.'? 2.45-2.65 mm ¥ or 2.5-2.6 mm,"* chorion
about 0.01 mm thick, smooth, transparent, elastic, under
high magnification appears reticulated; non-achesive; '#
yolk colorlesst homogeneous; * volk nearly fills the
egg; ' oil droplet .16 +1'*—20 mm,'"12# single; * oil
droplet bright vellow.**

EGG DEVELOPMENT

Blastoderm formed by third cleavage, blastoderm at
animal pole, subgerminal disc filled with vacuoles.

3 hours after fertilization—past 180 cell stage, blastuderm
a prominent plano-convex disc of isodiametric cells
arranged in lavers, cclls in the various layers iden-
tical, no segmentation cavity. At completion of
segmentation and commencement of gastrulation
the blastoderm flattens out and gradually extends
meridionally over yolk mass.

6 hours after fertilization——gastrulation nearly complete;
embryo spoen-shaped and about 1.3 mm long; neural
folds present as twe distinet Jongitudinal folds
bounding the primary dorsal groove; no trace of
notochord; indications of formation of somites;
enlarged cephalic region rises above periblast; surface
of egy takes on a corrugated appearance.

12 hours after fertilization—blastopore closed; egg cap-
sule with a rough reticulated surface; embryo ex-
tends 135° around vyolk mass, clearly defined from
periblast; cephalic region prominent and surrounded
by a large perivitelline space; neurochord quite
distinct, enlarged anteriorly; ncural caval clearly
visible in brain region and spinal chord, only faintly
visible in nape and posterior caudal region; neuro-
pore comparatively wide; optic vesicles visible, each
with a clear, narrow, longitudinal tissuc inside;
notochord visible as a cvlindrical rod commencing
from middle of first somite and tapering gradually
toward posterior region of embryo; 16 somites
visible, first largest, diminishing in size posteriorly;
Kupfler's vesicle present behind last defined myo-
tome; vellowish brown pigment in periphery formed
bv a combination of branched xanthophores and
si}np!c melanophores.**

94 hours after fertilization—embrvo reaches about 180°
around volk,'" scparated from periblast, demarcation
most distinct in cephalic region; caudsl region com-
pletely separated from volk below; Kupffer's vesicle
disappeared; oil globule in front of snout between
snout and tip of tail; spinal region marked off from
encephalon by a slight fold, a well defined oblique
oleft in the postoptic region further dividing encepha-
lon into fore-, mid- and hindbrain; forebrain differen-
tiated from midbrain by cruciform fissure; notochord
vacuolated, extending from region of midbrain to
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length unstated

Fig. 120. Echeneis naucrates, Sharksucker. A. Egg, 2.5 mm, early stuge of development, wild caught eg.%J B.
Egg, diameter unstated, 12 hours old, equivalent stage to fig. A., note difference in perivitelline space. Labora-
tory spawned fish. C. Egg, diameter unstated, 24 hours old, late developmental stage. D. Embzyo, 6.8 mm NL,
removed from chorjon and straightened, wild caught egg. E. Yolk-sac K?va, length unstated, note smount of
yolk compared to fig. E., labomtor{ spawned specimen. F. Yolk-sac larva, length unstated, yolk almost absorbed.
24 hours after hatchmin G. Larva, length unstated, 48 hours after hatching. (4, D, Delsman, H. C,, 1831: figs.
10, 11. B, C, E-G, John, C. M., 1850: pl. 7. E-Q reversed.)



tail, projecting slightly bevond last pair of somites;
optic vesicle cup-shaped and directed obliquely
downwards, choroid fissure verv wide; auditory
vesicles present as a pair of large spherical cham-
bers in region of hindbrain, inner wall of oto-
cyst thin, two minute otoliths present; olfactory
cups near tip of snout; heart a cylindrical tube,
auricular portion directed forward, slightly flexed to
the right side of embryo between optic and auditory
regions,** beating; *" 3 pairs of gill pouches; pectoral
fold projecting slightly upward; caudal region clearly
defined; vellow pigment increased considerably; also
irregular melanophores in periphery.

48 hours after fertilization—embryo reaches completely
around yolk; oil globule midway between snout and
anterior caudal region; an aggregation of vacuolated
volk granules in front of snout; eves better defined;
choroid fissure narrow; otocysts somewhat elongated;
otoliths censpicuous; olfactory sacs larger with
thicker walls; 28 somites with indications of 2 more;
heart L-shaped, beating 146/min.; embryo vellowish
brown with darker tint in region of head and tail
where there is a greater concentration of irregular
melanophores; stellate xanthophores extending on
volk sac.'?

2 hours after fertilization—hatching begins; *1* yolk
sac reduced; more black pigment present; a rhom-
boidal zone of color near end of tail present.'t*®

Myotome counts given as 16+16* or 16-17+4 14.%7

YOLK-SAC LARVAE
38-9.3 mm.

30 }"-shaped myomeres, first just posterior to auditory
vesicle 12 11 + 18 visible at hatching; head relatively short
ud broad. Yolk sac reduced at hatching,'*** much
reduced at 24 hours after hatching, a narrow clliptical
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sac; oil globule ventral, 24 hours after hatching nearly
halfway between mouth and anus. Mouth formed at 24
hours after hatching. fower jaw supported by Meckel’s
cartilage.? Choroid fissure visible but reduced at hatching,
only a vestige at 48 hours after hatching; * otocysts small
at hatching. Pectoral fin very small, rounded and mem-
branous at hatching.”"** rays beginnings at 48 hours after
hatching, finfold continuous at hatching, comparatively
low and rnarrow. Notochord extending from midbrain
into tail, projecting slightly beyond last myomere.’* Gut
relatively long at hatching; '** anus at 16th mvomere.'

Pigmentation: Pigment absent "*~** or present at hatching,
denscly pigmented at 48 hours after hatching. Yolk sac
covered with vellowish brown pigment; yellowish brown
igment dense on head but denser in caudal region and
ess intense over rest of body.'*

LARVAE
Yoik absorbed by 9.3 mm.

Head a littde depressed with a prominent snout, lower
jaw protruding. Eve deeply pigmented, no vestige of
cheroid fissure. Caudal fin rays visible in lower lobe at
9.3 mm; finfold continuous at 9.3 mm. Anus situated on
a prominent papilla.?

Pigmentation: Greenish brown * or vellowish.?-2®

JUVYENILES

Reported from 70 to 178 mm;® has a series of small,
slender teeth in advance of others;® up to 178 mm,
caudal fin with clongate middle rays.’

GROWTH

No information.

b o

122 mm SL

Fig. 121, Echeneis naucrates, Sharksucker. A. Juvenile, 70 mm §
venile, 122 mm SL, caudal fin pointed, not truncate as in adult.
H. W, 1928: fig. 66.)

L, note central elongation of caudal fin,

B. ju-
(A, Gudger, E. W, 1526: fig. 5. B, Fow!’er,
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AGE AND S{ZE AT MATURITY

All above 410 mm adults.’

WSS OUR W
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Echeneis neucratoides Zuieuw, Whitefin sharksucker

ADULTS

D. XVII to XXIII, 3244, modally XXI, 23; A. 30-38,
modally 33.1

Body proportions as percent TL: Head length 20; body
depth 9; disc length 27.2

Rody stouter than that of E. naucrates.

Pigmentation: General body color variable, dark brown
or blackish in adults; stripe down the side usnally present
but sometimes obliterated by ground color; pectoral and
pelvic fins dark brown to black; whitish area distally in
dorsal and anal fins; upper and lower caudal lobes with
white areas, these areas smaller in older adults but always
larger than those of E. naucrates of similar size.?

Maximum length: To between 610 and 915 mm.

DISTRIBUTION AND ECOLOGY

Range: New England to the West Indies and Gulf of
Mexico.?

Area distribution: New Jersey,® Atlantic coast of Mary-
land, lower Chesapeake Bay.*

Habitat and movements; Adults—attach to sharks, stur-
geon or free-living; * in Rhode Island only in summer and
fall; * strictly inshore.!

SPAWNING

No information.

EGGS

No information,

A Adult

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

Ne information,

LARVAE

No information.

JUVENILES

No information.

GROWTH

No information.

AGE AND SIZE AT MATURITY

No informatiomn.
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2.
3.
4.
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, ) , . G .E. . C. G. Chap-
Fig. 122, Echeneis neucratoides, Whitefish sharksucker. Aduit, 330 mm TL. {Bohike, ]. E., and C :
lin, 1968: 320. © Philedelphia Academy of Natural Sciences, used with permission of outhors and publisher.)
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Remora australis (Bennett), Whalesucker

ADULTS

D. XIV to XXVII (lamellae)} *—23 *-27,* modally XXVI-
25;* A. 20-26,* modally 25; caudal 12-15+ 9 + §+ 13-15,
modally 13 upper and 14 lower procurrent rays; * P.
21-24.*4 modally 23;* V. I, 5% spine hidden in skin;
vertebrae 27;¢ gill rakers 1-3+ 14-19, modally 24177

Body proportions as percent TL, SL or HL: Head 28.6
TL; depth 12.7 TL; orbit 10.1 HL; 7 disc 48-52 SL.*

Upper jaw subtruncate, overreached by lower jaw; gape
to a vertical from the nostril 7 or 3/4 the distance from
tip of mandible to orbit.* Upper arm gill rakers small,
round, lower arm gill rakers long.* Teeth in bread villi-
form bands,®" outer series larger than other teeth;?
vomerine and palatine teeth also in bands. Scales minute,
sitting in minute pits,*" ovoid in shape.® Lateral line
running high on body parallel to disc to end of pectoral
fin, descending to midline of body, running straight to
caudal peduncle. Anal fin under and similar to soft
dorsal fin; pelvic fins pointed; pectoral fins inserted under
opercilar margin, rounded; caudal fin truncate.©

Pigmentation: Uniform blue,** light green, violet, brown
or black,® usually * with a white edging on each fin; *4 in
formalin, slaty blue or brown.®

Maximum length: To 760 mm.*

DISTRIBUTION AND ECOLOGY

Range: World-wide in warm seas.™**
Arvea distribution: Virginia,®

Habitat and movements: Adults—attached to certain
marine mammals.™*

Larvae—no information.

Juveniles—attached to porpoises.!

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No infornmation.

YOLK-SAC LARVAE

No information.

380 mm SL

Fig. 123, Remorg australis, Whalesucker. A. Adult, 262 mm SL. B. Disc of adult 380 mm SL. The number of
laminae, shown in this illustration, 28, is the upper extreme number. (A-B, Follett, W. I, and L. J. Dempstef,

1960: pl. 1.)



LARVAE

No information.

JUVENILES

46 mm specimen reported; 25 lamellae in dise; dise
about 50% SL.

GROWTH

No information.
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AGE AND SIZE AT MATURITY

No information.
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Remora osteochir (Cuvier), Marlinsucker

ADULTS

D. XVI to XX (lamellae)—20-27; A. 20-26; P. 20-24; ¢
V. 8; branchiostegal rays 8; ' vertebrae 27.%4

Body proportions as percent SL or TL: Head length
18.7*'—21.4 SL; disc 44.4 TL 5461 S1; eye 2.8 SL; pre-
anal fin length 38 SL.»

Body depressed, thick with a slender caudal peduncle;
head small, depressed;** mouth very small; gape not
reaching eve.’” One row of minute incisors on pre-
maxillary and a narrow band of moderately sturdy teeth,

palatines with a broad band of minute teeth and wih
one row of stronger ones along the outside, continuing
along the anterior edge of the vomer, narrow hand of
teeth along edge of mandible, some outer cnes rathy
large. Scales very small and sparse, scattered with large
intervals between them, lateral line scales long, narrowl:
winged. Lateral line beginning a short distance behind
upper end of pectoral fin base, descending to mid-lateral
position in a short curve at posterior end of disce”
Pectoral fins rounded with rays enlarged and stiffened ™
crenate borders; soft dorsal and anal fins fairly high, last

Fig. 124. Remora osteochir, Marlinsucker. A. Adult, 229 mm SL. B. Juvenile, 38 mm 5L. C. Juvenile, 46 mm
SL. D. Juvenile, 55 mm SL, except for stoutness of juveniles, essentiafly of adult form at all' sizes Agured. (4.
Jordan, D. S, and B. W. Evermann, 1896-1800: fig. 798. B-D, Gudger, E. W., 1928: fig. 2, delineated by

Tamiko Karr.)



ravs connected to caudal peduncle by a very small mem-
brane; pelvic fins moderately long and Pomt(d 1 caudal
fin rounded *° or emargmate Tk

P1gm(,ntdt10n Almost uniform gray, violet- -gray,” tan ?

or brown; ® fins and tail blackish, obscurc whitish spots
o lower lobe of tail® underside of head, ventral line,
part of pelvie fins and a spot on pectoral fins pale.” iris
Mackish.'t

Maximum length: To 406 mm."

DISTRIBUTION AND ECOLOGY
Range: World-wide in warm seas.®*

Arca distribution: New Jersey; *'" off mouth of Delaware
Bav,” Atlantic coast of Maryland; '* and Chesapeake Bav.®

Hubitat and movements: Adults-——{free living ® or attached
to bilifishes 1145 or wahoos,® vast majority of muscum
specimens were taken from billfishes (ALY

Larvae—no information.

|uveniles—attach to billfishes, sharks and molas.?

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

1. .
No information,

LARVAE

No information,
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JUVENILES

Reported from 32 * to 62 mm SL.:

D. XVT to XVII 222 soft rays; A, 21; C. 16; P. 19-20;
V. 5.2

Disc length 34.4*-37% SL ** increasing with size; * head
length 25-31% SL.® decreasing with size; head width
15-20% SL.°

Caudal fin deeply emarginate; pectoral fin rounded, broad,
with first two rays broad, stiff and strong.?

Pigmentation: In formalin. blue-gray all over; dorsal and
anal fins blue-black; pectoral fins transparent; pelvic fins
transparent at 32 mm SI., black in larger specimens;
caudal fin transparent at 32 mm SL; black at 41 mm SL
and intenscly black at 49 mm SL.*

GROWTH

Neo information.

AGE AND SIZE AT MATURITY

No information.
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Remora remora (Linnaeus), Remora

ADULTS

D. XVI to XX (lamellae}—21-27; v A, 20125, #1%
C. 39-43; 11-13+9+8+11-13;"* P. 26-30;"* V. 6;
branchiostegal ravs 9-10; % vertchrae 27, 124 15;1+
gill rakers 4-6 4 25-2§=28-34.1"

Body proportions as percent SL or HL: Depth of body
17 SL; " head length 19.7-25.7 SL; eve 2,6-5.0 SL ** or
18 HL; " disc length 28.2-39.3 SL; preanal fin length
49.2-63.3 SL.=

Body elongate, rounded in cross-section forward, some-
what compressed posteriorly;* head broad, depressed; =
mouth terminal, lower jaw projecting; gape to under
anterior edge of eve.! Teeth small, pointed,’ outer row
of premaxillary consisting of about 43 close-set teeth,
inside this row a band of wide-set teeth. innmer ones
largest, lower jaw with a wide band of teeth, outer ones
large and inner ones minute, short but robust pointed
teeth in bands on palatines and vomer, patch of minute
tecth on tongue. Scales very small, cycloid and strongly im-
bricated: largest non-lateral line scales somewhat smaller
than the lateral line scales, smallest non-lateral line scale
about half as big as largest; [ateral line scales mostly
with an interval between them, few overlapping, their
oblique anterior and posterior ends constricted so that
the diameter of the openings are about half as great as
that of the middle tubular part. ILateral line begins
above upper end of pectoral fin base and starts sloping
down to mid-lateral position 3/4 distance between upper
end of pectoral fin base and end of disc, reaching mid-
lateral position at midpoint between cnd of disc and soft
dorsal insertion. Soft dorsal and anal fins low,? both in-
serted at about mid-body,' membranes connecting last ray
with caudal peduncle very small,”” caudal fin moderate,
Tunate: pectoral fins rounded, base below mid-lateral po-
sition; pelvic fins triangular, inner ray attached to body
for most of length?

Pigmentation: Body nearly uniform tan® brown, s
gray, gravish white ** or nearly black,?**

Maximum length: Reported to reach 864 mm ™ but few
specimens exceed 460 mm.14?

DISTRIBUTION AND ECOLOGY

Range: Cosmopolitan in warm seas,'” in western Atlantic
north to New York. straying to St. Pierre Bank, in
Canadian waters.

Area distribution: New Jerscy;'? Atlantic coast of
Maryland.*®

Habitat and movements: Adults—pelagic® free living'*
or attached to sharks, turtles or ships,+!* most frequently

attached to pelagic sharks.

Larvac—pelagic,® reported from 35.4-358 ppt salinit,,
24.5 C* and 253-50 m depth.® ' '

Juveniles—frec living ** or attached to sharks; surface of
open ocean.”

SPAWNING

Oceanic spawner; based on presence of pelagic larv
spawning is postulated for May and June® or August
eggs collected at 25,6 C.7 Ripe females found in second
half of August and first half of September.®

EGGS

Ovarian eggs: 1.40 mm with oil droplet diameter (032 mm.
charion reticulated, volk vesiculated.*

Fertilized eggs: Spherical; #* 21-2.2 mm’™ or 140-15%
mm; chorion reticulated; yolk with numecrous smi
gramules, thesc reducing its transparency; oil droplit
single, 0.32 mm, yellowish; perivitelline space absent”

EGG DEVELOPMENT

Embryo lies on middle meridian; at time of otic vesick
formation body sparsely spetted with tiny spots of citon
yellow, also some black spots; melanophores on oil drop
let larger and more stellate than those on body.*

YOLK-SAC LARVAE
Hatch at 4.72 mm.

27-28 trunk myomeres; preanal length/postanal Fength
1.88 at 4.72 mm; volk mass distinct at hatching; oil dr®
let in posterior part of yolk sac; pectoral fin smulll ot
hatching; large preanal finfold at hatching; gut swaight
anus well behind yolk mass.*

Tl

Pigmentation: Yellow and black pigment present; Y€ o
51

sparsc, in small points on body; black pigment &
scattered as points, most melanophores on volk sac @
oil droplet larger and stellate; finfold margin with "
sienna margin.**

LARVAE

Reported from 4.8°-15 mm,* may shrink in Taborato™
down to 3.68 mm.*

D, XVIII-25 1/2; A. 22; C. 9+8; P. 1, 20 at 15 mm: ]iPs
reported to have suckers at ‘15 mm,® however ! "
suckers appear to be empty tooth sockets where decide
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A Adult

139 mm SL

Fig. 125. Remorg remorg, Remora, A. Adult, 311 mm SL. B. Head, domsal view showing cephalic disc,

139 mm SL. C. Egg, 1.40 mm diameter.

D. Egg, same as previous one, less than one day from previous staé;:.

E. Yolk-sac larva, 4.72 mm TL. F. Larva, 4.5 mm TL. (4, Maul, G. E., 1956: fig. 2b. B, Cadgﬂdt, J., 19
fig. 8. C, D, Sanzo, L., 1928: figs. 1, 2. F, Zhudova, A. M., 1969: fig. 53

teeth had fallen out (EAL).

f\rt 15 mm dise length 25.8% SL, head length 23.2% SL;®
Preanal length greater than postanal.®

:,Eﬂlf "0, in upper jaw, a row of 8 or 9 teeth, lower jaw
ity u? Tow of 8, on lateral edge of premaxillary an
pafr% 0‘:", row of .short, out-jutting teeth, 10-15 in all, 2
drlﬂmt‘?ﬂOCklng fangs.® Head dorsal profile concave
atchig'.f :\fter hiatching; mouth open on third day after
tera] g] H 130_1(.&1 s cartilage formed at opening of mouth.**
mm T e visible in stained 15 mm specimen.® Below 8
lﬂng trJ "0 trace of cephalic disc, at 10 mm TL slight ob-
aces behing the head, at 12 mm TL disc with dis-

tinct lamellae and has moved forward; * pectoral fin large,
rounded at 5 mm, at mid-lateral position on eighth day
after hatching.”? Scales wholly absent at 15 mm.* Gut
large, anal opening restricted compared to gut.*

Pigmentation: Head and trunk with diffuse citron vellow

pigment; caudal region transparent; small, stellate chro-

matophores along ventral margin of hodv at base of
reanal finfold; characteristic pigment along margin of
afold. 2

On eighth day after hatching, vellow pigment Eersists as

a mid-lateral band from head to tail with blac pigment
above and below; at extreme end of trunk a rhomboidal

yellow spot.®



Length unstated

A. Larva, 5168 mm TL, three days after hatching. B. Larva, length

unstated, seventh or eighth day efter hatching. C. Larva, 15 mm, oblique view of head showing larval suckers
on lip and developing teeth and cephalic disc. (A, B, Sanzo, L., 1928: figs. 4, 5. C, Beebe, W., 1932: fig. 35
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Fig. 126. Remora remora, Remora.
JUVENILES

Fin rays complete by 15 mm,* number of disc lamellac
(dorsal spines) in adult range by 18 mm TL.*®

D. XVIII #5224 1/2;* A, 2023 1/2; C. 8-+ 8 at 88 mm;
P 1,28, V.15

Body proportions as percent SL: Disc length 33 *°-38,
reducing with length; width of head 15-17;° length of
head 28 **-30, reducing with length.®

Lateral line begins under 13th disc lamella, runs parallel
and close to the cephalic disc descending to a mid-lateral
position, over pectoral fin,® reaches this mid-lateral posi-
tion near distal end of pectoral fin® running straight
posteriorly.* Pelvic fins not adnate as in adult.® Scales
present on body, head and fins at 88 mm, small, con-
cave on forward facing side, one or two small ones in-
serted at anterior base of larger ones.’

Pigmentation: In life, lish brown with anterior por-
ﬁo%alsn of lips, tips of pegtlcl)?;l fins and outer tips of catl::l)al
Iobes pale grayish.® In preservation, brown or black,
small specimen with 18 darker transverse bands slightly
angled forward, all fins transparent.®

GROWTH

No information.

AGE AND SIZE AT MATURITY
No information.

0001 0N =
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Remorina albescens (Temminck and Schlegel), White suckerfish

ADULTS

D. XIT to XHI (lamellae)—17-22; #** A, 191-26; %1 C,
Gu P 18-21;° V. 1, 5;? vertebrae 26; ® gill rakers 100
on first arch.*®

Body proportions as percent TL or SL: Depth 12.9-13.3
TL; head length 206 SL or 283 TL;' disc length
333°-37.6 SL; eye 2.8 SL.; preanal fin length 681 S1.*

Body robust with short, thick caudal peduncle; ' head
broad,”” strongly flattened; ** gape to a vertical from the
third disc lamella.l? Two rows of close-set, flattened
teeth along median half of premaxillary on outer edge,
abroad band of small, pointed teeth along whole border;
in lower jaw, 2 outer rows of strong, curved, pointed,
wide-set teeth with a very wide band of smaller, pointed
teeth inside, outer teeth of vomer and palatines similar
tu outer teeth of lower jaw, inner area with close-set,
minute teeth, whole tongue and pharyngeals covered
with minute, pointed teeth. Scales very small, cycloid,
very few slightly covering each other, fairly regularly
aranged and more or less equal in size; lateral line scales
club-shaped, very small, not touching.** Caudal fin trun-
cate; first 3 or 4 pectoral rays osseous.’

Pigmentation: Uniform gray,’ grayish brown®* or pig-
mentless; #*9 jris yellow,' pupils black; ® fins and lower
tegions varied with whitish and grayish tints, pectoral
fins with white margins.*

Maximum length: To 305 mm.>**®

DISTRIBUTION AND ECOLOGY
Range: Circumtropical.’
Area distribution: New Jersey."”

Habitat and movements: Adults—in gill chamber of large
fish or devil rays,*" prefer Mobula " and Manta; *®° taken
as deep as 40 m.*

Larvae--pelagic, down to 25-50 m.*

Juveniles—no information, presumably same as adult

(FDM).

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

Fig. 127. Remoring albescons, Whits suckerfish. A. Adult, 140 mm SL, lateral view. B. Adult, 178 mm SL,

dorsal view. (A, Mawl, G. E., 1956: fg. 5. B, Fowler,

H. W, 1635: p. 115)
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LARVAE

No information.

JUVENILES
95 mm TL ° to 203 mm.*
D. XII-XIIT 18-17: A. 20-21; 8 rakers on first arch.?

GROWTH

Ne information.

—

AGE AND SIZE AT MATURITY

No information.
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FAMILY GOBIESOCIDAE

Fishes of this family are mostly shallow water forms occurring in warm tem-
perate and tropical rocky shore areas. Their adaptations to the surge of the
intertidal zone are obvious in their thoracic sucking disc and their flattened tad-
pole shape. A few, more box-shaped than others, are adapted to deeper waters
while still others, more elongate than most, are adapted to live among the spines
of sea urchins. Other atypical habitats are freshwater streams and Seagrass
beds. While not rare they are frequently overlocked because of their habitat
and protective coloration. Within the area the sole species is the wide-ranging
Gobiesox strumosus. This species is common within its habitat, oyster reefs, yet
reportedly there are large numbers of fishermen within the area who Lave never
seen this species and who would consider it a novelty were they to encounter
one. Their role in the ecology of the ovster beds is almost completely unknown
and may well prove interesting when that work is done,
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Gobiesox strumosus Cope, Skilletfish

ADULTS

D. 9711 #s1eer gp 12:4% A, 8-10;%¢ C. total 20-23
1012 primaries, 10-12 procurrent rays; * P. 21 #1923+
or to 26;+* V. 4; no scales; vertebrae 13+147% or 14+
11-12 totals 25-26 2¢ or 26-27.7

Body proportions as percent SL or HL: Head length
35.6 "~45.4 SL; body depth 20.0-22.7 51; * preanal length
69.2-72.5 SL; disc length 35.1-37.8 SL;* eye 12.0-13.7
HL.* 56-6.8 SL.*

Body anteriorly broad, depressed, posteriorly com-
pressed; ® head broad, depressed; snout blunt; eyves small,
superior; * mouth wide, inferior and horizontal,” lower
lip projecting, with 12 papillae; * gape to middle of eye.®
Teeth in upper jaw 14-16 on each side, all conieal, larg-
est -8 anterior, irregular in placement and size; no
palatine or vomerine teeth; 13-14 teeth in each lower
jaw, frontal ones incisor-like. Unpaired fins fleshy and
widespread, pectoral fins membranous.”

Pigmentation: Considerable ability to change coloration;
ranges from pale ochre ® to black (JCB}; lateral surfaces
usually with reticulations; ventral surfaces with few
melanophores, pearly tints; disc papillae change from
white to yellow with age; base of tail quite dark; caudal
fin often with 3 or 4 uneven darker bands; dorsal and
anal fins varying greatly in pigmentation, light with
darker bases and sometimes bars; pectoral and pelvic
fins generally pale, though sometimes with small melano-
phores along edges of fin rays; * may have black streaks
in back of eye®

Maximum length: To 102 mm.*

DISTRIBUTION AND ECOLOGY

Range: New Jersey to Santos, Brazil including the Gulf
of Mexico,* West Indies and Bermuda.®

Arca distribution: New Jersey; '*** Atlantic coast of
Maryland '*** and Virginia; ¥ Chesapeake Bay south of
the Magothy River.*

Habitat and movements: Adults—estuarine and marine,3
lving around racks, >t pilings, > oyster shells and log-
gerhead sponges, also on eel grass;? absent inshore in
winter in Louisiana; * 0 *-36.8 ppt salinity; ** 4.3 5-29.0
C; 7 to 33.5 m depth,® strictly inshore.”

Larvae—in water column only while swimming, dropping
to bhottom between swimming bouts;® 45272 ppt
salinity; * 17 837 C.*

Juveniles—little information, reported from 272 ppt
salinity and 37 C.37

SPAWNING

Location: Takes place in empty oyster shells.

Season: April through August ** with a peak in late Apri
or early May.*

Time: All spawning in aquaria within the daylight
hours."

Temperature and salinity: Spawn over range 187 to 23
C and salinity range of about 15 ppt ** to 30 ppt.”

Notes: Eggs deposited one at a time at 2-5 second 1n
tervals; * laid in a mass, single layer with oldest egs
toward center of mass; frequently deposited on surface
s0 that the fish depositing the eggs must be upside dovn
during egg placement.

Fecundity: Over successive periods a female may deposi
300-2500 eggs, a 53 mm female contained 1600 laye
volked eggs; * 11 successive spawnings of a single 41 mo
SL female varied from 300 to 1126 eggs with a meandf
645.‘1 i

EGGS

Lacation: Demersal, attached to empty oyster shells and
guarded by male,* usually attached to concave surface of
shell; masses contain 850-2500 eggs.”

Large yolked ovarian eggs: 0.66-0.76 mm, average 011
mm.*

Fertilized eggs: Ovate, occasionally spherical or ovate-
clongate, somewhat flattened on side of attachment; ap-
pear yellow because of yolk; when oval 87 x.94 whet
spherical .75-.94 mm; surface membrane finely comr
gated; very adhesive, usually cannot be pried from st
of attachment without breaking egg; attachment h_ﬂ_
mucus, probably developed by ovarian follicle; ,W_lk
vellow, granular, appearing to be multicellular; oil 4o
lets 7080, 0.02-0.10 mm diameter; perivitelfine gpare
15-20% of egg; cleavage meroblastic.®

EGG DEVELOPMENT
Eggs collected at 256 €, maintained at 23.5-244 ©

water hardened but not cleaved at the bfzgi““mg o
abservations. Times given from collection time-
2 hours—first cleavage complete in most.
8 blast-

3 hours—second cleavage complete in mo
disc prominent and rounded; rounded bltl_-ito
well defined units; oil droplets coalesced 0 -
migrated to negative pole. plastr

4 hours—third cleavage complete in most; ffmﬁ
meres in a single layer, forming two 10%S 0

metes
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6.80 mm x ©.96 mm

0.80 mm X 0.96 mm  0.80 mm X 0.96 mm  0.80 mm x 0.96

Fig. 128, Cobigsox strumosus, Skilletish. A. Adult, 45 mm, B. Adult, 45 mm. ventral view, showing form and
structures of ventral sucking dise. C, Egg, 0.78 mm x 0.91 mm, prior to cleavage. 1). Egg, 0.80 mm x 0.98
mm, four-cell stage. E. Egg, 0.80 mm x 0.96 mm, eight-cell stage. F. Egg, 0.80 mm x 0.96 mm, dorsal view,
i6-cell stage. G. Egg, 0.80 mm x 0,86 mm, 32-cell stage. H. Egg, 0.80 mm x 0.96 mm, morula. {A-H, Runyan,
S, 1961 figs, 234, 23C, 2, 8,4 5 6, 7)
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0.80 mm X 0.93 mm 0.80 mm x 0.94 mm

vy

0.76 Mo 0.94 mm 0.78 mm % 0.92 mm 0.81 mm ¥ 0.93 mm

Ll
Fig. 129. Gobiesox strumosus, Skilletish. A. Egg, 0.80 x 0.93 mm, germ ring and embryonic shield stage. B
Egg, 0.80 mm x 0.98 mm, carly neurufation. C. Egg, 0.80 x 0.94 mm, same as previous figure, except posterier
view, D. Egg, 0.80 mm x 0.94 mm, o‘ptical anlagen visible. E, Egg, 0.80 mm x 0.94 mm, early embryonic stage:
F. Egg, 0.76 mm x 0.94 mm, somites torming, mesencephalic swelling visible, eye cup forming. G. Egg, 0.76 m®
x 0.94 mm, otocyst, heart and pigment visible, mesencephalon differentiated. H. Egg, 0.78 ftnm x 0.92 mum, €¥°
pigment and vitelline circulaton developing. 1. Egg, 0.76 mm x 0.51 mm, vitelline circulation well developed.
J. Egg, 076 mm x 0.94 mm, ventral view of fig. C. K. Egg, 0.78 mm x 0.92 mm, ventral view of fig. H.
Egg, 0.8] mm x 0.93 mm, ventral view of fig. L. (A-L, Rungan, S., 1971: figs. 8, 9, 10, 11, 12, 13, 14, 15, 16)



cells each.

5 hours—fourth cleavage complete in many; blasto-
meres {observed dorsally) comprise a  well-
contained, compact ring; germinal area about 1/3
of actual egg substance.

6 hours—eggs at 32-cell stage and beyond; amount
of perivitelline space and number of oil droplets
still constant.

7 hours—84 to 128-cell stages although cells smaller,
blastoderm maintains its previous volume.

8 hours—blastoderm flattened somewhat and egg in
morula stage, cells form a compact, berry-like
mass.

A second hateh of eggs was obtained at end of gastrula-
fior and beginning of neural groove formation, though
swome eggs were developing embryonic shield and down-
wardly expanding the germ ring. Obtained at 18.8 C
and maintained at 18.9-20.6 C. Times are estimated
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elapsed time since oviposition; estimated to be 20 hours
old at collection time.

24 hours—primitive streak and neural groove ex-
tending almost halfway argund yolk substance;
cephalic and caudal swelling visible; optic ves-
icles forming; oil droplets remain clustered in
caudal region of velk.

28 hours—yolk becomes more spherical; embryo
well lifted off underlying volk; forebrain formation
quite evident,

36 hours-—embryo wrapped 2/3 around yolk; mid-
brain development as a prominent hump; optic
placodes in process of formation; oil droplets
cualesced to 10-20; 6-8 somites visible just behind
midbody region.

3rd day—embryo about 3/4 around yolk circum-
ference; brain lobulation clearly visible; choroid
fissure developed; auditory placode present but

Fig. 130. Gobiesor strumosus, Skilletfish. A. Egg, hatching, egg

diameter 0.82 mm x 0.96 mm, embrye 3.2 mm,

dorsal view. B. Egg, hatching, lateral view, at slightly later time of fig. A. C. Egg, hatchh;g, ventral view, a still

lnter stage of figs. A. and B. D. Yolk-sac Jarva, 3.2 mm TL, incipient caudal rays indicat

1961: fims. 18, I9.)

{A-D, Runyan, 5.,
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small; rudimentary heart beating slowly; circula-
tory system undeveloped; 15 somites clearly de-
fined in caudal region, but advancing forward,
become less distinct; pigmentation a few small
melanophores above and below the motochord at
about mid-body.

3 1/2 days—eyes becoming pigmented; awditory
placades larger and more distinct; circulatory sys-
tem developed; oil droplets coalesced to 410 in
ventral yolk region; somites less distinet, visible
only in caudal region; melanophores increase
somewhat in number, size and definition; embryo
shows slight movement of trunk and tail.

Sth day—embryo virtually filling egg with tail
wrapped around sides of body and head region;
cyes heavily pigmented, large; two otoliths formed
in auditory placede; mouth undeveloped; heart
situated in frontal concavity of yolk sac and pul-
sating rapidly; the few remaining oil droplets
quite large; somites no longer visible; pigmenta-
tion in the form of rows of melanophores confined
to anterior 2/3 of body behind yolk, none on head
of volk; active.

7th day-—just prior to hatching embryo cramped,
wrapped around itself, mouth and external nares
developed; most of yolk absorbed; pigmentation
darker, more concentrated on trunk; some with
1 or 2 faint melanophores on dorsum of head
behind eve.

Hatch tail first; late embryos typically ventral side up.*

Incubation period: 5-7 days at 18.9-24.4 C**" with all
eggs in one clutch hatching over a 10 hour period.™

Normal development was noted up to 25.8 C and in the
salinities 19.8-20.7 ppt.*

YOLK-SAC LARVAE

In one experiment, hatched at 2.4-28 mm, mean of 27
mm; * in another, hatched at 2.85-3.40 mm with yolk
already absorbed; if hatched with yolk, yolk sac ab-
sorbed by 3.9 mm.*

Pectoral with 68 rays at hatching; 13-14 preanal
myomeres at hatching, 14-15 at 3.5 mm; 21-23 postanal
myomeres at hatching, 27-29 at 3.5 mm.?

reanal length 60% SL;
a

Body proportions at hatching,
bout 16%

eyes 52% HL; head 21% SL; volk sac lengt
SL.:

Body slightly curved; volk sac 0.26-0.57 mm in indi-
viduals 2.85-3.40 mm long, Mouth well formed and
horizontal at hatching; gape to midorbital region; * gut
relatively short; * no gas bladder; gall bladder obvious
at 3.5 mm.®

Pigmentation: At hatching eyes jet-black, flecked with
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orange and green pigment; finfold and pectoraly try
parent and unpigmented; melanophores arranged in ty:
definitc rows above and beclow notochord, stoppi
shortly beyond anus; one large melanophore on venyl
border of otocyst.

At 3.5 mm large, stellate melanophores on surface mce
distinct, 10-13 situated along darsum of body extendip
from back of head to about 0.35 mm beyond anus; i,
a definite row of melanophores along groove betwes
notochord and visceral mass and between notochord ané
fintold.?

LARVAE

3.9 mm? to about 9 mm.?

13 or 14 preanal myomeres, body slender, more robut
at 4.73 mm; all branchiostegal rays present by 7.0-74
mmy; dorsal Bn with some rays at 7.00-7.49 mm, complte
adult complement at 9.0 mm; anal fin with some rays at
7.00~7.49 mm, complete adult complement at 80 mm:
first caudal fin rays at 4.5-4.99 mm, complete adult com-
plement at 9.00-9.49 mm; pectorals with 9 rays at 7t
mm; full adult complement by 9.0 mm; pelvic fins pres
ent as ridges at 6.58 mm, first rays formed at 75-79
mm, full adult complement by 9.0 mm.*® Disc wel:
formed but incomplete at 8.78 mm.* Finfold moved moe
posteriorly at 3.9 mm,” still rudiments of finfold at 57
mm. Hypural plates developed and ossificd at 6.58 mu/

Pigmentation: At 3.9 mm, 3 or 4 small melanophores on -
ventral finfold near urostyle; some pigmentation betwee
nostrils; trunk with some chartreuse flecks.” At 475 mn
melanophores in ventral finfold missing; portions ¢
ventral finfold from which anal fin will develop wil
developing chromatophores. At 8.58 mm posteyior quat
ter of larva unpigmented; ome large melanophore o
ventral region about where dise will be.?

JUVENILES

From about 9 mm* to 40—45 mm.?

Centra not ossified at 12 mm except in rearmost
region, but all vertebrae represented by ossified newd?
and haemal arches and spines.?

Head width 36.6% SL at 12 mm, 40% at 36 mu (Wil
adult range); head length withip adult range at 1° “ft“;
eye 8.2% SL at 12 mm, 6.5% at 38-40 mm; disc V&
29.1% SL at 12 mm, 35% at 3840 mm.®

Body tadpole-shaped; viewed d_orsalg, like a muﬂg:‘i
triangle with greatest width at opercles, bodv tapt‘-q i
to a compressed caudal peduncle; head not depres .
at 12 am, broader and snout more blunt at 20 mr?th .
coming somewhat flattened; upper lip scalloped- ;lsﬂl‘l‘
prominent premaxillary groove; lower lip with

caud 31
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Fi ig. 131. Gobiesox strumosus, Skilletfish. A. Yolk-sac larva, 3.5 mm TL. B. Yulk-sac larva, 8.5 mm TL, dorsal
view. C, Larva, 3.9 mm TL. Pigment indicated near notochord posterior tip is atypical. D. Larva, 4.73 mm TL,
‘noipient angl rays may be indicated, E. Larva, 658 mm TL, flexion cccurring. (A-C, Runyon, 8., 1961: figs.

20, 21. D, E, Dovel, W. L., 1963: figs. 1, 2.)

Sory barbelg
10 ante,; or
bus

; mouth wide, inferior and horizontal; gape
margin of eye. At 12 mm premaxillary ossi-
ered no'tththe maxillary. At 12 mm adhesive disc
bendiy, d “’1 30 coarse cirri, some crenulations before
and pu?; With the edge of the ventral fin, both anterior
{ﬂdisﬁn;:'nor collars of disc with 6-8 staggered rows of
S my. Hpa illae. At 20 mm dorsal, anal and candal
© teshy but still somewhat flat and without flair.

At 20 mm rugal folds develop around the anus.®

Pigmentation: Fins transparent with no pigmentation
except pelvics.® At about 9 mm, 7 large chromatophores
between anal fin rays® At about 12 mm dorsal and
lateral surface stippled with numerous stellate melano-
phores; undersurface pale with only a few stellate
melanophores scattered randomly, usually some around
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' 6.58 mm TL 8.78 mm TL

Fig. 132. Gobiesox strumosus, Skilletfish. A. Larva, 8.78 mm TL, late flexion, dorsal and ansl rays forming. I
Juvenile, 11.57 mm TL. C. Juvenile, 12 mm TL. D. Juvenile, 12 mm TL, ventral view showing the ventral suck-
ing disc to be essentially complete. E, Larva, 8.58 mm TL, ventra] view of head and thorax showmg a largs
stellate melanophore where the ventral sucking disc will form. F. Larva, 8.78 mm TL, ventral view of hear
aond thorax showing developing ventral sucking disc. (A, B, E, F, Dovel, W. L., 1963: figs. 3. 4, 5, 8. C, I
Runyan, 5., 1961: fig. 22.}



anus. At 20 mm melanophores smaller and less distinet,
beginning to fuse into faint patterns; 3 or 4 darker
streaks radiating fromn orbital region and a few scattered
bars of pigment present on dorsal, anal and caudal fins.*
GROWTH

Between June and October, mode shifted from between
1620 mm to between 32-36 mm indicating a growth
of 16-20 mm over 4 months.”

AGE AND SIZE AT MATURITY
Smallest female with eggs 34.8 mm; © both sexes mature
by 4043 mumn.?

LITERATURE CITED
1. Fox, L. §., and W. R. Mock, Jr., 1968:5],

@ U 0 to

113
11
12,
13.

15.
16.

18.
19.
20.
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Pearson, J. C., 1941:99-100.

Dovel, W. L., 1971:11.

Dovel, W. L., 1963:161-186.

Fowler, H. W., 1949:4.

Martin. R, A., and C. L. Martin, 1970:275-2785.

Tagatz, M. E., and D. L. Dudley, 1961:11.

Schwartz, F. 1., 1964:159.
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Christensen, R. F., 1965:226.
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FAMILY BALISTIDAE

‘'his primarily tropical family is represented in the area by five species.
of these are benthic species hut enter the area at a pelagic stage and it is
ful whether any of them breed within the area of consideration. Most of
species are strongly laterally compressed and relatively deep bodied with a
head. The larvae, where known, take on this body form quite carly and
as easily recognized.

ORR
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Aluterus monoceros {Linnaeus), Unicorn filefish

ADULTS

D. 11, 46-50; A. 47-b2; "1 (. 12, 6+6;," P. 14-15;°
V. represented only by a rudimentary spine, absent in
large specimens; ¥ vertebrae 23, 74 16; 7 gill rakers
ahout 31.°

Body proportions as percent SL: Head length 26.8-34.T;
depth of body 34.4-43.5; snout 23.4-27.5; eye 4.2-8.3."

Body oblong,' compressed; ' snout moderately produced
with convex profile above,” ventral outline concave helow
chin followed by a prominent concavity.” First dorsal
spine inserted over middle or posterior part of eye: '
caudal fin short, sub-truncate with acute angles.?

Pigmentation: Background color dull bluish gray,’
gray,®® brown ¥ or bhlack,’ uniform # or with vellowish
white to white below; may be mottled with dark; cov-
ered with small dark spots,® either roundish ® or irregular
in shape; ’ fins may be vellowish + though caudal fin may
be bluish gray with dark crossbars.!

Maximum leagth: To 762 mm.”

DISTRIBUTION AND ECOLOGY

Range: Cosmopolitan in warm seas,®™*" straggling as
far north as Massachusetts.'

Area distribution: New Jersey ** und about the southern
boundary of Virginia.”*

Habitat and movements: Adults—shallow rocky areas,
coral and over mud,” also associated with open ocean
flotsam. 1"

Larvae—no information.

Juveniles—associated with open ocean flotsam.

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information.

JUVENILES

Specimens reported from 53 to 72 mm SL.
Dorsal fin 46-48; anal fin 47-50.12

Head length 32.2-34.5%¢ SL; maximum body depth 44
47.6% SL; eve diameter 20.0-23.5¢ HL; snout 76.5-813
HL.**

Dorsal spine with spinules which disappear with age; ™™
caudal fin rounded; pelvic spine rudimentary.’

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.

LITERATURE CITED

Beche, W., and ], Te-Van, 1933:241-242.
Cervignon M., F., 1966:826-827,

Nichols, . T., and C. M. Breder, Jr., 1927-138
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Smith, }. L. B., 1965:405.

Briggs, 1. C., 1560:178.
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1I. Miller, G. L., and §. C. Jorgenson, 1973.503, "
12. Longley, W. H., and S. F. Hildebrand, 19411-; '
13. Berry, F. H,, and L. E. Vogele, 1961.65-£6. %
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43.5 mm BL

Length anstated

e SL- B. Juvenile, 43.5 mm 5L, €. Juvenile,
gnd L. E. Vogele, 1961: figs. 21, 18, delinsoted
. 1049 pg. 6.7

Fig. 133, Aluterus mongceros, Univomn filefish. A Adul, 545
;3 mm SL. 13 Juvenile, length uastated. {4, ©, Bewy, F. 7,
¥ Tamiks Karr. B, fowler, H. W, 1966 fig. 264. 1. Powfer, & W.

257
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Aluterus schoepfi (Walbaum), Orange filefish

ADULTS

D. II, 32-29; “* A, 35-41; ** C. total 12, 6 +6,¢ P, 11-
14 '# with onc rudimentary spine; V. absent at all sizes; !
vertebrae total 23,2+%* 7.+ 16; *' gill rakers 21-27.5

Body proportions as percent SL or HL: Depth 17.3 -
47.6* SL; head length 23.3-34.2 SL; snout 12.0-28.6 SL;
eye 4.8-8.8 SL7 or 185-26.3 HL."

Body somewhat oblong,* very strongly compressed; * head
scarcely distinguishable from body, snout bluntly
A

¢

A adult

rounded,” dorsal profile nearly straight to noticeably cop.
cave in small to medium sized individuals, cancave ove;
snout and convex over eves in individuals over 400 mm -
mouth small, almost terminal, lower jaw projecting,
Teeth in upper jaw incisor-like, in a double series, i
lower jaw incisor-like, uniserial,* teeth in lower jaw us
ally notched.” Scales minute, rough, shagreen-like and
uniform in size over the whole body.** Lateral line i
distinct. First dorsal spine inserted over eye; soft dorw)
fin separated from spinous dorsal by a gap about equil
to the length of the soft dorsal fin base; caudal fin mud-

32,5 mm SL

-

Fig. 134. Alserus schoepf, Orange fBlefish. A. Adult, 176 mm SL, color pattern atypical in that orange spots
are missing. B. Juvenile, 15.0 mm SL, barbs on dorsal spine large. C. Juvenile, 32.5 mm SL, barbs on dorsal
spine reduced, dorsal spine itself reduced, color developing. (A-C, Berry, F. H., and L. E. Vogele, 1961: figs

23, 10, 11. Fig. 23 delineated by Tamiko Karr.)



erate, rounded; anal fin origin under origin of soft dorsal;
pectoral fin small, rounded, under gill slit.*

Pigmentation: Body color variable, orange,* orange vel-
jow,> dark brown,** various shades of gray,’23671413
to white; *** may be marbled with lighter shades “'* or
darker shades; '* usually with orangish spots in life,’ %318
spots may be dusky or brownish; ™ tip of rostrum
darker; * lips often blackish; * nape plain or dusky;”
when white present, usually most prevalent over anterior
region of fish; * dorsal fin colorless * or tinged with yel-
low brown; 7 caudal fin usuafly yellowish but may be
dusky, edged with white; ®** anal fin colorless, outer
edge tinged with brown, pectoral fin plain.”

Maximum length: To 610 mim.5721418

DISTRIBUTION AND ECOLOGY

Range: Nova Scotia and Bermuda to Brazil and all of the
Gulf of Mexico.>1®

Area distribution: New Jersey,*'*'% Delaware Bay,™® At-
lantic coasts of Maryland ***** and Virginia ' and
lower Chesapeake Bay **' northward to the Patuxent
River.®

Habitat and movements: Adults—on sand and arcund sea-
grasses,*1* over mud,® around pilings and jetties,’” coral
or rocky reefs; ? 16.4 9-42.9 ppt salinity; ** 12.8 4-32.5 C;
surface 22 and shallow flats * to 88 m.'®

Larvae—no information.

}11\-'eni]es——pclagic,21 in sargassum mats; *°* reported
from 29.5 ppt salinity and over 30 C.®

SPAWNING

In the Caribbean ripe females found throughout the
year

EGGS

No information.

EGG DEVELOPMENT
No infermation.

YOLK-SAC LARVAE

No inthrmation,
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LARVAE

No information.

JUVENILES

Depth changes from 20.8% TL at 38 mm to 30.3% TL at
70 mm to 38.5% TL, at 100 mm.*

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.
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Balistes capriscus Gmelin, Gray triggerfish

ADULTS

D. II1, 26-29; 27 A, 23 ©+12-26; ¥ C. total 12,6+ 6; * P. I,
13-15: scales 48-53; ¥ vertebrae 18, 74 11; *#* gill rakers
31-35; * 8 premaxillary and 8 dentary teeth,*” 4 incisor-
like teeth in each jaw; ® 6-7 branchiostegal rays.”

Body proportions as percent SL, TL or HL: Head length
93.3*—37.4 SL, decreasing with length,* 250°-357"* TL;
depth 45.4 SL} 444-588 TL;** eye 20.0°-22.7 HL;*®
7.0-7.9 SL.}

Body short, deep, much compressed,” with a slender
caudal peduncle,**?* head deep, snout long, tapering®
dorsal and ventral profiles almost straight; >** eve placed
high with a narrow groove before it; ** mouth small,
terminal,>*" lips thick. Large, strong, anteriormost teeth
canine-like.* Head and body covered with scales, heavi
est and armor-like below a line joining eye, lower edge
of pectoral and vent; > edge of scales not free, each scale
covered with bony barbs; * 2 modified scales above pee-
toral fin base, irregular in shape, several smaller modified
scales above these.2” Lateral line feebly developed,® un-
dulating, irregular, a branch over the nape connecting
the two lines?* branches over and under orbit,> best
seen when scales are dry.® Vertical fins falcate; ** dorsal
fins separate, pelvic fin represented only by a single
spine, pectoral fin short and rounded.®

Pigmentation: Color variable,® olive gray dorsally,*** in-
terspaces between scales paler; ** violet or blue spots on

upper back and median fins; >* whitish spots and irregs-
lar short lines ventrally,? first dorsal fin spotted and
clouded with bluish; second dorsal fin pale yellowit
with sky-blue spots,” pectoral fins greenish.>?

Maximum length: To about 49 cm.***

DISTRIBUTION AND ECOLOGY

Range: Both sides of the Atlantic, in eastern Atlantic and
Mediterranean, north to England, Ireland *** and rarelv
Belgium,?? in western Atlantic from Nova Scotia and
Bermuda to Argentina including Gulf of Mexico.""*

Area distribution: New Jersey; ¢ Delaware Bav."
Atlantic coast of Maryland,""”* lower Chesapeake Bay”
to the mouth of the Potomac River.®

Habitat and movements: Adults—coral or rocky reefs;””
little movernent noted; ’ reported from 16.6°-40.1 ppt
salinity; * 14 *-33.2 C; ® down to 55 m.*

Larvae—no information.

Juveniles—pelagic,** accompanying flotsam; * in sarges
sum mats,>'® primarily found at the surface.*”

SPAWNING

Location: Eggs laid in a hollow nest scooped out of sand.
guarded by adults.”

Fig. 135. Balistes capriscus, Gray triggerfish.

A. Adult, length unstated. (A, Poll, M., 1847: fig. 258.)
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NECEL L

%%119%1 flg;li.;t.e)s capriscus, Gray triggerfish. A. Juvenile, 46.1 mm SL. B. Juvenile, 118 mm SL. (A, B, Moore,

59:5011_: Females with eggs have been taken in July,* LARVAE
Pawning season thought to be July through September.:®

Pawning oceurs onl No information.
reichs égl o y after the water temperature

taas JUVENILES
No inf Reported as small as & mm
o :

termation, Snout length 19-21% SL at 10-20 mm SL, increasing with
K size; eye diameter 15-18% SL at 10-20 mm SL, decreas-
GG DEVELOPMENT ing with size; scales with single spines, these being lost
fnohge; . between 25 and 40 mm SL.*

Hon period: 2 days.?® Pigmentation: Yellowish with many small, rounded violet

YoL dots; ** less than 50 mm SL, with larger irregular dark

K-SAC LARVAE patches on the body and the small spots; ** fins tinted

No ing _ with yellow, blue and olive'* or second dorsal, anal,
Mormation, and caudal fin membranes translucent and with saddle
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markings on dorsal and anal fins, these saddles inter-
spersed with light spots,*”

GROWTH

Adults grow about 3.6-10.6 mm SL/me. in Florida with
largest individuals growing slower.”

AGE AND SIZE AT MATURITY

No information.
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Balistes vetula Linnaeus, Queen triggerfish

ADULTS

D. 111, 29-31, usually 30; ** A, 26-28; 1242 C, total 12,
6+6;12 P. I, 14-15; scales 45-51,'% about 36 scales be-
tween soft dorsal origin and anal fin; * vertebrae total 18,
7+11; 22 gill rakers 35-38;° & premaxillary and 8
dentary teeth.'?

Body proportions as percent SL or HL: Body depth
41.7-55.6 SL; ¢ head length 31.0*-37.0 5L;* eye 6.0-6.3
SL7 or 21.3-28.6 HL; * snout 26-28 SL.'®

Two enlarged modified scales above pectoral fin insertion
of irregular shape, several smaller modified scales or
plates above these. Lateral line complete, branches

A Adult

. . - - . .l »
f;g. 137. Balistes vetuls, Queen m%erﬁsh. A. Adult, 430N‘:1Tr£1§c£?m{zl;v:?l ;hiladelphid, wecd swith permission

tingated by Joan Ellis.)

C. C. G. Chaplin, 1968: 864.
of authorm and

1968, Academy of
lisher. B, Moore, D., 1867: fig- 2C, de

above and below orbit, uniting behind orbit and pro-
ceeds posteriorly to level of third dorsal spine where it
turns downward reaching its ventralmost point.** Soft
darsal and upper and lower lohes of caudal with elon.
gated, filamentous rays in adults.

Pigmentation: Able to change colors, patterns and shades
somewhat; * two broad curved bright blue stripes below
eye in all color phases,” a series of small narrower bands
above these; * a blue band from corner of mouth to under
gill opening, turning downward; >* dark blue lines radi-
ating from eye; blue ring arcund lips; * broad blue band
on caudal peduncle; **# blue submarginal band on me-
dian fing; ¢ posterodorsally greenish olive,* greenish,

430 mm TL

46,0 mm SL. (A, Bohlke, J. E.,
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EBgIass

;¢ common at 3.6-45 m

Y or coral
jetties f

ne j

depth to 46 m

occasionally offshore.*

1

reefs in clear water,” around pilings and sto
habitats;

venturing out into adjacent sandy, rubble or s

bluish gray,” yellowish brown, blue-green to deep Habitat and movements: Adults—around rock

orange yellow; * median fins pale grayish green to deep
purplish brown; ® may have a series of discontinuous
stripes of brown separating rows of scales.

brown; ¢ throat and breast golden yellow; ¢ salmon,® or
Maximum length: To 572 mm FL.*

Larvae—no information.

Juveniles—no information.

DISTRIBUTION AND ECOLOGY

SPAWNING
No information.

in western Atlantic

from Massachusetts and Bermuda to Brazil, including
the West Indies; ¢ also reported from the Indian Ocean

Range: Both sides of the Atlantic;
and western Pacific.!

EGGS

Jersey 2! and Atlantic coast of
No information.

Area distribution: New
Maryland #1° and Virginia.»®

59.6 mm SL

176 mm SL

Fig. 138. Balistes vetuls, Queen triggerfish. A, Juvenile, 59.8 mm SL. B. juvenile, 176 mm SL. (A, Fowler,

delineated by Tamiko Karr.)

H. W, 1945: fig. 293. B, Moore, D., 1967: fig. 2B



£GG DEVELOPMENT

No information.

YOLK-SAC LARVAE

N information.

LARVAE

No information.

JUVENILES

Specimens described 10-70 mm.

M 10-20 mm SL, snout length 19-21% SL, increasing
with size, eve diameter 15-18% SL, decreasing with
size; each scale with a single spine, these spines disap-
pearing between 25 and 40 mm SL.¢

Yigmentation: Below 50 mm SL, with broken, dark lines
nnning along some of the anterodorsal postercventral
disgonal rows of scales on sides; transtucent dorsal,
anal and caudal fin membranes; often the two broad
bands which are present above the jaw on larger speci-
mens are indistinet in small juveniles; on live or fresh
specimens, the dark bands and reticulations are blue; **
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at 70 mm with all stripes about head and body same as
adult.?

GROWTH

No information,

AGE AND SIZE AT MATURITY

No information.
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Stephanolepis hispidus (Linnaeus), Planehead filefish

ADULTS

D. II’ 29_35, 1 A 28 5_35; 1.4,18 C 12 10,23,23_13,23 6+8, 18
P. ] {rudimentary at larger sizes),' 12-13; * V. repre-
sented by a single, moveable spine; * vertcbrae 19, 7+
12; %% gill rakers 30-41;°® teeth incisor-like, upper jaw
with 2 series, 6 in outer row, 4 in inner row, lower jaw
teeth uniserial, 6 in the series.”

Body proportions as percent SL or HL: Depth 43.3-65.8
SL; head length 29.5-41.4 SL; snout length 14.4-27.5
SL; ' eve 6.1 *-17.1 SL ' or about 25 HL.*

Body rhomboidal, caudal peduncle short,’® strongly Lt
erally compressed; "' head triangular,® upper and lower
profiles nearly straight,®” eye near dorsal profile; ' mouth
small, terminal,® non-protractile.”” Scales with 1-8 clos.
set spinules (progressively more in larger individusly;
each spinule branched many times in larger individnak
Lateral line in cephalic region with 3 branches, one
under the eye, one to gular region and one to spinos
dorsal, on side of body undulating, high over pectoral
dropping down to a mid-lateral position over anal fin an
on caudal peduncle.” First dorsal spine over posterior

stated

length un

Fig. 189. Stephanolepis hispidus, Planchead filefish. A. Adult, length unstated. B. Larva, 1.7 mm, Dorsal spine
already well formed. (A, Sanzo, L., 1930: fig. 11. B, Hildebrand, §. F., and L. E. Cable, 1830: fig. 98. Fig. 4

reversed.)
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Fig. 140. Stephanolepis hispidus, Planchead fileish. A, Larva, 2 mm, fin rays forming in finfold; branchiostegal
rays formed. B. Larva, 2.8 mm, barbs forming on dorsal spine, finfold broken up but no Hexion. (A, B, H”i.

brand, 8. F., and L. E. Cable, 1930: figs. 99, 100.)

E:f:té’({)e "% males with first dorsal ray elongated;

Yance (tll fin inserted at about mid-body * a little in ad-

Soft " anus; anal fin insertion a little behind insertion
fiorsal fin; 1 pectoral rounded, moderate.®

Bi .
u;i“;ifatlon: Color variable, from turtlegrass, individ-
rown, t:m“fed green; from sargassum weed, pattern of
pale g],:.s'_“eom“}@m over sa‘md they are almost uniform
*v; and in an aquarium with a slate bottom, very
» Gty changes are rapid.®

Maxi,
i Iength: To 254 mm,5719.14.15,18

DISTRIBUTION AND ECOLOGY

Range: Both sides of the Atlantie, Halifax, Nova Scotia to
Brazil in western Atlantic,®!®1¥ all of the Gulf of Mexico,
also Bermuda.?

Area distribution: New Jersey %% and lower Chesapeake
Bay.?‘23.25
Habitat and movements: Adu]ts—EeIagic, around floating

plants and debris,’® sandy or rocky areas,? reefs,’® most
abundant in clear water and around vegetation; ** leave
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inshore areas in the winter; *® 11 **—42.9 ppt salinity,"
most common over 25 ppt; ** 10.0-38.8 C;** inshore to
44 m depth; *' mostly near shore.*

Larvae—newly hatched, near bottom, larger ones at
surface,’® in sargassum mats.*”

Juveniles—pelagic,”** among sargassum weed #%1# 151527
or other floating algae,'® inshore on grass flats,'*% larger
cnes on beaches; 24 leave shore zone in winter; ' 16.5-
38.8 ppt salinity; ** 10.0-31.5 C;* at surface; #* over
entire continental shelf *-** and in open ocean.’

SPAWNING

Location: Probably occurs at sea.™®

Season: Small juveniles present year round along south.
em U.S. coast** indicating prolonged spawning seasu
(FDM). '

EGGS

Probably pelagic; ® unfertilized egg about 0.7 mm; verv
adhesive; pale green; a group of small ¢il droplets on

Fig. 141, Stephanclepis hispidus. Planehead filefish. A. Juvenile, 8.5 mm SL, dorsal spine barbs very well de-
veloped, lateral color pattern forming. B. Juvenile, 8 mm, lateral color pattern more complets, slope of forehead
less steep. {A, Berey, F. H., and L. E, Vogele, 1961: fig. 16. B, Hildebrand, S. F., and L. E. Cable, 1930: fig-

101.)
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Fig. 142.
{4, Berry, F. H,, and L. E. Vogele, 1961: fig. 17.)

one side of the yolk.*®

EGG DEVELOPMENT

Ko Information.

YOLK-SAC LARVAE

Reported at 1.7 mm,* possibly misidentified Monacan-
thus ciligtus or Stephanolepis setifer (FHB).

B_Ud).’ robust with a long pointed tail; head blunt ante-
fiotly; dorsal spine present; pectoral fin buds present;
Pelvic fin buds present; vertical finfold continuous.

Pigmentation: Dark pigment present on head, extending
along upper surface to base of dorsal spine, from there
dlong upper margin of abdomen to vent, then as a row
‘t’ij;?flet\'hat larger dots along the ventral edge to tip of

LARVAE

1me about 1.7 mm to 8 ® mm, specimens between L7
C’:Il“ﬂ ant 28 mm may be misidentifiecd Monacanthus
s wnd Stephanolepis setifer (FHB).

oty deep, becoming deeper at 3 mm, by 5 mm much
m; ag“lt body shape; mouth small and terminal at 3
hor vrsal spine developed at 1.7 mm,® high and prom-
1M with a few barbs at 3 mm; traces of dorsal rays at

mm, well formed at 5 mm; anal fin with traces of rays
gentedm;?’ rays well formed at 5 mm;*® pelvies repre-
Mint. £ v buds at 1.7 mm, do not develop beyond this

ot fiufold continuous at 2.0 mm.* Scales represented

Stephanolepis hispidus, Planchead filefish. A. Juvenile, 15.2 mm 51., dorsal spine barbs less developed.

by small, forming prickles at 3 mm, skin generally beset
with prickles afterward.*®

Pigmentation: At 3 mm dark pigment on head extending
onto back; ventral periphery usually slightly pigmented,
pigment also on side above and behind the abdomen. At
5 mm, color pattern principally dark dots scattered over

body.®#

JUVENILES
To 60 or 75 mm.'®

Body shape same as adult at 15 mm; snout shorter and
blunter than adult, as fish grows, snout elongates, con-
tinuing eveu after 75 mmy dorsal spine barbs on both
anterior and posterior margins of spine, barbs propor-
tionally smaller at 15 mm, disappearing by 4050 mm;
anal, caudal and pectoral fins well developed and shaped
like adult fins at § mm; pelvic spine largely free and
prickly at § mm, attached to abdomen by a mermbranous
flap at 15 mm, this flap increasing with size, reaching tip
of spine by 75 mm.**

Pigmentation: Spots with dark centers evervwhere on
hody except behind eye and around gill opening. At I3
mm, brownish spots with dark centers everywhere on
head and body; some dark marbling evident; fins almost

colorless.™

GROWTH

No information.
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AGE AND SIZE AT MATURITY 12. Dooley, J. K., 1972:18-19.
13. Beebe, W,, and ]. Tee-Van, 1933:239-240,
Females with eggs at 81 mm.* 14. Nichols, J. T., and C. M. Breder, Jr., 1927:137.
15. Bigelow, H. B., and W. C. Schroeder, 1933:522-323
LITERATURE CITED 16. Miller, J. M., 1965:102.
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Lactophrys quadricornis
Lactophrys trigonus
Lactophrys triqueter

boxfishes
Ostraciidae
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FAMILY OSTRACIIDAE

This family is primarily of tropical and subtropical distribution with indi-
vidual specimens straying into the area, especially during sammer months. There
is documentation showing breeding of these species as far north as the Atlantie
coast of Florida and probably most of the specimens are either ultimately from
Florida or the Bahamas, having been transported northward by the Gulf Stream.
Small juveniles or late larvae cannot be mistaken for any other forms which
occur locally, except perhaps diodontids, and then only if examination has been
superficial. Small larvae and yolk-sac larvae ﬂuperﬁ(,ial]\ resemble tetraodontid
larvae, to which the ostraciids seem to be related.
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Lactophrys polygonia (Poey), Honeycomb cowfish

ADULTS

D 10;+* A 10;* C. 10,*¢ 54-5;1 P. 10-12/11-12,2 12/12
in 82% of specimens, mdimentary upper ray not
counted; ! vertebrae 18, 14 + 4, first 5 fused to each other
and to basioccipital; ? gill rakers 11-14.°

Body proportions: Carapace width 58.8-71.4% depth.®

Carapace usually without terminal spines behind dorsal
and anal fins,:%* angle of snout profile 64-78°, Scales
represented by bony scutes with granular surfaces.?
Caudal fin rounded.*$

Pigmentation: Olivaceous,’ most hexagonal scutes on lat-
eral surfaces of carapace with pale borders surrounding
a dark, more or less hexagonal ring which in turn sur-
rounds a pale central area of the scute; * these dark rings
incomplete dorsally; -* on cheeks a reticulate pattern of
irregularly anastomosed rings; ! larger specimens with
irregular dark markings inside the dark rings; ¢ a wash
of purplish blue, especially on sides and ventrally.®

Maximum length: To 483 mm.?

DISTRIBUTION AND ECOLOGY

Ranpge: New Jersey to Brazil®® including the Central
American coast; 5 also known from Bermuda, the Baha-
mas and the West Indies; * not reported from the Gulf
of Mexico.»?

Area distribution: New Jersey.!?

Habitat and movements: Adults—mostly around rocky
and coral reefs; »* reported down to 77 m.?

a Adule

Fig. 1483,
lin, 1968: 680.

Lactophrys polygonia, Honeycomb cowfish. A. Adult, 207 mm. (A, Bihlke, J.
© Acedemy of Naturgl Sciences of Philadelphia. Used with permission

DevELoPMENT oF FIsHES oF THE Mip-AtranNtic BicHT

Larvae—no information.

Juveniles—no information.

SPAWNING
Ripe female taken in July.®

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information.

JUVENILES

Below 70 mm SL, adult pattern not developed, ventral
surface spotted; ’ small specimens, 15-23 mm 5L, yellow

with small, round, black spots.®

GROWTH

No information.

E
of

.and C. C. G.
author and publisher.)
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AGE AND SIZE AT MATURITY Tyler, J. C., 1985b:264--270.
Randall, J. E., 1968:277.
Mifler, G. L., and §. C. Jorgenson, 1973:309.
Bohlke, 7. E., and C. C. G. Chaplin, 1965:680.
Munro, . L., et al,, 1973:81,

o information.

o T 1o

LITERATURE CITED
1. Tyler, J. C., 1965a:5-18.



276

DEvELOPMENT oF Fisues oF TaE Mm-ArTLantic BicHT

Lactophrys quadricornis (Linnaeus), Scrawled cowfish

ADULTS

D. 9-10° Q0% with 13,7 A, 1Q; %37 G, 107 545,
P. usually 11 *'7 not counting upper rudimentary ray; *’
vertebrae 19, 1443, first 5 fused to each other and to
the basioccipital; *'® gill rakers 13-17.

Body proportions as percent TL or HL: Head length
32.2~-34.5 TL; eye 41.7-47.6 HL.“ Carapace width 52.6-
62.5% depth.*

Carapace triangular in cross-section, low ridge on each
side of back, dorsal ridge elevated, ventral surface nearly
flat; head with spines directed forward over each eye,’”
angle of snout profile 66-85°.7 Scales represented by
beny scutes with granular surfaces.”” Caudal fin rounded
to truncate.!"7

wish, bluish * or grayish; 7 always at least some
indication of 2, usually 3 or oceasionally 4, more or less
horizontal, dark stripes on cheek, uppermost just above
eye, lowermost just above lower end of opercular open-
ing. Below the lowermost stripe begins a dark stripe,
which borders the ventrolateral edge of the carapace
from the cheek tu at least the base of the ventrolateral
carapace spine; another dark stripe present on dorsal
crest of carapace from posterior portion of interorbital
region to anterior edge of opening in carapace for dorsal
fin; rest of color pattern variable; dark spots, blotches
and irregularly wavy stripes; geographic variation in
amount and size of spotting and regularity of spots.’”

Pi%'mentation: Background color brownish, greenish,*’
yello

Maximum length: To 483 mm/’

DISTRIBUTION AND ECOLOGY

Range: Both sides of Atlantic, in eastern Atlantic, from
Guinea Coast to Cape of Good Hope; in western Atlan-
tic, common from North Carolina to Brazil,® strays to
Massachusetts; also in Bermuda ™" and Gulf of
Mexico.%:10

Area distribution: New Jersey,® Atlantic coast of Mary-
land and Chesapeake Bay.**

Habitat and movements: Adults—grass beds, 418 gver
sand or mud,'* occasionally over open reefs; ** 15,4 °-37.9
ppt salinity,>* mostly above 30 ppt; ¥? 10.0-33.8 C,* how-
ever, reported to be sluggish at 18.4 C; ¢ inshore to 73
m‘T.IU

Larvae—in lab, lie on bottom or float inverted while
yolk-sac larvae.?

Juveniles—nearshore; *2 associated with grass beds; 25.0-
35.5 ppt salinity; 10.0-34.9 C.»

SPAWNING

Contradictory reports, but probably both in bays er
least nearshore '* and also offshore; ** eggs have def.
nitely been found inshore.*

Season: Occurs year round with peaks of egg abundancee
in early months of the year ** or in late spring and early
summer.'®

EGGS

Location: Pelagic,>* do not Hoat well in fower salinitv
water, or until thoroughly waterhardened,? also sink 12
hours before hatching,'

Fertilized e%gs: Spherical; * heavily pigmented, either
green or white; '* 140-1.60 mm, mean of 1.46 mm
nonadhesive; ® single oil droplet 2’ averaging (.15 mm
diameter, amber.*

EGG DEVELOPMENT

Heart beating at 48 hours at an unstated temperature;*
hatch in 48 hours at 27.5 C.?

YOLK-SAC LARVAE

Hatch at 8 mm, shrink down to 5 mm, yolk absorbed
by 5 mm.®

Body short and chunky.?

LARVAE

Yolk absorbed at 5 mm (114 hours after hatching:
juvenile by 10 mm TL.?

At 82 mm SL, all vertebrae separate.?®

Pigmentation: Heavy pﬁmentaﬁon where adult carapa®
will be,? characteristically with white spots.’®
JUVENILES

10 mm TL to at least 80 or 90 mm.?

At 153 mm SL, first 2 vertebrae with centra fused &
each other and basioccipital; at 25.0 mm SL, cen® |
first 5 vertebrae fustd to each other and basioccipital

777 mm S first 5 vertebrae completely fused 0 ¢
other and basioccipital'* Frontal spines well develope

at 35 mm.!
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’ diameter, 4
Fig. 144. Lactophrys quadricomis, Scrawled cowfish. A. Adult, 1469 mm SL. B. Egg, 3.1 mm ,
kours after Eerh'ti'ﬂa'gon? C. Egg. 5.2 mm diameter, somewhat ?lder than that in prevu}u.?Ll]lul:trr:lhanﬁe?.higlgI:
31 mm diameter, near hatching, 40 hours after fertilization. E. Yolk-sac larva, 3.8 mm S ‘,fsl‘o aty ;b patch-
Ing. F. Yolk-sac larva, 5.2 mm NL, 48 hours after hatching. (A, Tyler, J. C., 1865: fig. 1 % e ""I‘; & dglineated
Jean Davis. B-F, Breder, C. M., Ir, and E. Clork, 1947: pl. 14, eggs and 5.2 mm yolk-soc larva
by Tamiko Karr, 5.8 mm yolk-sac larva delineated by Joan Ellis.)

a7



278 DEvELOPMENT OF FIsHES OF THE Mip-AToantic BicHT

Length unstated

Fig. 145, Lactophrys quadricomis, Scrawled cowfish. A. Larva, 5.5 mm NL, dorsal view, 72 hours after hatching.
B. Larva, 5.7 mm NL, 114 hours after hatching. C. Juvenile, length unstated, background color tan, dark brown
spots. {A, B, Breder, C. M., Jr., and E. Clark, 1947: pl. 14; delineated by Tamiko Karr. C, Walls, 1. G,, 1975:

. 489b; delineated by Elizabeth Roy Peters. © TFH Publications. Used with permission of author end pub-
lisher. Printed reversed.)
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Fig. 146. Lactophrys quadricoris, Scrawled cowfish, A. Juvenile, 52.1 mm SL. B. {uveni]e, 116.3 mm SL. Body

form approaching that of adult. (A, B, Tyler, J, C., 1965: figs. 12, 10, fig. 12 de

10 delinegted by Donna }ean Davis.)

Pigmentation: Below 70 mm SL, covered with dark spots,
; : pattern; '" a specimen
o unstated size figured by Walls is tan with scattered

70 mm assumes adult color

toundish dark spots.®
GROWTH

No information,

AGE AND SIZE AT MATURITY

No infrmation,
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Lactophrys trigonus (Linnaeus), Trunkfish

ADULTS

D. 9°-10; %1 A, 9-10; %™ C. 10;% P. 11-13 usually,
12; 2 vertebrae, 15+ 3, centra of first 5 vertebrae fused
to each other and basioccipital; 2 gill rakers 17-18.

Body proportions as percent TL: Head 26; ©* depth 33.7-
38.5; * width of carapace 90.9% depth in adults.?

Carapace triangular in cross-section,**? carapace closed
behind dorsal fin; ** mouth very small and terminal®
Caudal fin emarginate.?

A Adult

Pigmentation: Color highly variable,’ usually olivs.
ceous 7 with faint blue ™ or white diffuse spots; tw
areas with hexagonal plates dark edged, forming chain
like markings, one above and behind pectoral regior
and the other about halfway from gill opening 4,
posterior end of carapace; large individuals lose pal
spots and chain marks, and develop as a “termina
adult color pattern” an irregular reticulate pattern over
carapace and caudal peduncle. 2.8

Maximum length: To 437 mm.*2

255 mm TL

Fig. 147. Lactophrys trigonus, Trunkfish. A. Adult, 255 mm TIL, most common color pattern. B. Adult, 32h
mm TL, most extreme reticulated color pattern. C. Juvenile, 44.5 mm SL. (A-B, Bihlke, J. E, and C. C. G
Chaplin, 1968: 683. © Academy of Natural Sciences of Philadelphie. Used with permission of guthors and P“b"

lisher. C, Fowler, H. W, 1945: fig. 308.}



DISTRIBUTION AND ECOLOGY

Range: West Indies, common as far north as the Florida
Keys and Bermuda, occasionally northward in the Gulf
Stream to Massachusetts.®

Area distribution: New Jersey,™" lower Chesapeake
Ba),.l},lﬂ

Habitat and movements: Adults—seagrass habitats,?
down to 37 m.?

Larvae—no information.

Jeveniles—grass flats +* or under Sargassum;® 21.1-
368 ppt salinity: 27.0-31.0 C»

SPAWNING

No information.

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

Mo information.

LARVAE

No information,
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JUVENILES

Reported from 6-102 mm.*
Body proportions, head 50% TL, depth 77% TL; eye 25%
HL:s

Body about 4 angled in cross-section, with a prominent
dorsomedial ridge.” Caudal fin rounded.*

Pigmentation: In preservative, uniformly brownish, fins
transiucent, plain.®

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.
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Lactophrys triqueter (Linnaeus), Smooth trunkfish

ADULTS

D. 10;* A 9-10;* P. 12, not counting rudimentary
upper ray; * 9-10 bony plates in horizontal series from
gill opening to tail;® vertebrae 15+ 3, first five with
centra fused to each other and basioccipital; * gill rakers
89

Body proportions as percent HL or SL: Head length
23.2+-25 SL;* maximum depth 41.1-43.3 SL;* snout
length 71.4 HL;® eve 41.7 HL ® or 8.3-10.0 SL.* Cara-
pace width 80.8 maximum body depth.”

A Adult

Body ftriangular in cross-section, dorsomedial ridge
strongly arched, carapace closed behind dorsal fin; * hey
profile concave.’® Scales represented on trunk by bony
hexagonal plates with surface tubercles, fused to fom
a carapace.®

Pigmentation: Body coloration changeable, paler over
sand, more olivaceous among gorgonians; * ground coly
brownish, greenish,’ yellowish green* or blackish*
roundish light spots present,* these being white® o
greenish blue; * bases of dorsal, caudal and anal fius

134 mm TL

Fig. 148. Lactophrys trigueter, Smooth trunkfish. A, Adult, 134 mm TL. B. Juvenile, 15.5 mm SL. (A, Bohlke.
J.E, and €. C. G. Chaplin, 1968: 881. © Academy of Natural Sciences of Philadelphia, used with permission
of quthors and publisher. B, Fowler, H. W., 1945: fig. 286.}



Ostraciidae—bozxfishes 283

Fig. 149. Lactophrys triqueter, Smooth trunkfish. A. Juvenile, 20.0 mm SL. (Fowler, H. W., 1945: fig. 265.)

black, = fins otherwise plain or bright yellow * except LARVAE

for posterior margin of caudal fin which may be black *
with a narrow white edge.®

Maximum length: 305 mm.5®

DISTRIBUTION AND ECOLOGY

Range: Bermuda and Massachusetts to Rio de Janeiro +*
ad northern Gulf of Mexico.*

Area distribution: New Jersey.2®

H'abitat and movements: Adults—coral or rocky reefs, 57
o%er sand or algal flats; * occur down to 6 m.8

Larvas—no information.

Jwveniles—no information.

SPAWNING

Peaks in

b January, February or March, no spawning be-

en August and December.!
EGGs
No infrrmation.

€66 DEVELOPMENT

No information.

Y0lk-sAC LARVAE

N .
0 inforznation,

[

No information.

JUVENILES

Figured by Fowler but without written description.?
Scale plates with striae radiating from center of each
plate.®

Pigmentation: Color light green with numerous dark
greenish blue spots on side and below.™

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.
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Lagocephalus laevigatus
Sphoeroides maculatus
Sphoeroides pachygaster
Sphoeroides spengleri
Sphoeroides testudineus

puffers
Tetraodontidae
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FAMILY TETRAODONTIDAE

This family is primarily tropical in distribution with only five species occur-
ring in the avea. Of these, only Sphoeroides maculatus breeds in the area, though
adults and juveniles of Legocephalus laevigatus and Sphoeroides spengleri may
be encountered with some frequency. This family shares with its near relatives,
the diodontids, the ability to inflate, probably for protection from predation.
Most species in the family are shallow water marine and estuarine species, but
some are pelagic (e.g., Lagocephalus sps.) or deep water forms {e.g., Sphoeroides
pachygaster) while some tropical species are secondary freshwater forms.
Tetraodontid eggs, where described, are demersal and most are adhesive.
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Lagpcephalus laevigatus (Linnaeus), Smooth pufter

ADULTS

D. 13-14,7* rarely 15; 7 A. 12-13; 3515 C. 11,7% 54 6; 1°
P. 1519, wsually 17 or 18; ° vertebrae 19, 8+ 11.%%

Body proportions as percent SL or HL: Head length
29.4 °-39.4 SL, decreasing with length; * predorsal length
66 SL; " eye 20.8+-250 HL or 7.4-9.4 SL; snout 50.0-
58.8 HL.*

Bady elongate, somewhat deeper than bread,” tapering
gradually posteriorly, abdomen pendulous,* lower edge
of body with a longitudinal fold or keel; head long, snout
blunt; mouth small, nearly terminalt Teeth represented
by a beak-like plate, with a median suture.” Scales 3-
raoted spines, well separated® and located on venter
only (RLS); lateral line present, branched anteriorly.
Origin of dorsal fin somewhat in advance of that of anal
fin; pectoral fins short and broad; caudal fin deeply
emarginate,* upper lobe may be longer than lower.

Pigmentation: Dorsum dark green,” olive-brown,* green-
ish gray® or brownish gray  becoming dusky on caudal
peduncle; * sides silvery,” gray in preservative; * belly
white **7 or with a yellow tinge; ? may have 5-8 irregu-
lar bars on dorsum; often with black pigmentation an-
terior to pectoral fin base; * lips pale brownish yellow; *
caudal fin heavily pigmented except its distal extrem-
ities; pectoral base and lower third of pectoral fin often
pigmented; * anal fin transparent; ' eyes slaty, iris with
a ring of greenish yellow.?

Maximum length: 610 mm.*°

DISTRIBUTION AND ECOLOGY

Distribution: Both sides of Atlantic, in eastern Atlantic
from northermn Africa to Angola; in western Atlantic from
New England to Argentina 7 including Gulf of Mexico; *
rare north of Cape Hatteras.*¢

Area distribution: New Jersey; #'" Delaware Bay,+
Atlantic coasts of Maryland ' and Virginia; * and
Chesapeake Bay south of the Bay Bridge®

Habitat and movements: Adults-—pelagic and inshure
habitats, sometimes ¢ven in shallow estuaries,” sandy o
rocky areas;’ 24.9-37.9 ppt salinity; 152-270 G-
surface * to 64 m."*

Larvae—no information.

Juveniles—no information.

SPAWNING

Thought to occur offshore; ® possibly in the fall in Texas
waters.”

EGGS

No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information.

JUVENILES
Specimens described 28.6-73 mm.

ca. 440 mm sL

Fig. 150. Lagocephalus laevigatus, Smooth puffer. A. Adult, ca, 440 mm. (A, Jordan, D. S, and B. W, Ever

mann, 1806-1500: fig. 642.)



Figmentation: At 28.6 mm-—slaty brown on back, silvery
and grayish on sides, milky white below; dorsal fin dusky
brown with anterior portion darker and posterior portion
lighter; caudal fin slaty, tip of each lobe milky white;
anal fin pale brownish; pectoral fin pale brownish, darker
hasally.?

At 60 mm—a light bar at base of caudal fin, outer rays
light, rest blackish; dorsal and anal fins darker distally.®

GROWTH

No information.

AGE AND SIZE AT MATURITY
Matare at 200300 mm.”

© o0 N1 P YT W10
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Sphoeroides maculatus (Bloch and Schneider), Northern puffer

ADULTS

D. 8 A 7; C 11, first upper and 2 lower rays un-
branched,'* 5+ 6; ** P. 15-16, rarely 17; *?* vertebrae 19,
8+11.28

Body proportions as percent SL. or HL: Head 33.3-37.0
SL; snout 47.6-38.8 HL; eve 12.5-25.0 HL.**

Body, when not inflated, rounded, tapering from region
of base of pectoral fin to a rather slender caudal pedun-
cle; #'* head bluntly pointed, upper profile straight;*
mouth terminal, very small**'" No true teeth, plates
forming beaks with cutting edges, suture on midline
giving appearance of 2 incisors above and below 5917
Scales modified into prickles, stellate with 3-5 roots, on
entire body from snout to amal fin origin; * lateral line
very feebly developed* Dorsal fin opposite posterior
edge of anal opening, slightly anterior to anal fin origin;
caudal fin truncate or slightly rounded; **** pectoral fins
moderate; pelvic fins absent.”

Pigmentation: Restricted to dorsolateral surfaces; dorsal
background color gray,"* dark olive green, ashy or
dusky; sides greenish yellow to orange fading to white
belly; ¥ poorly defined black spots cover dorsal surfaces
and a vague dark bar traverses the interorbital region,
vague dark saddle across dorsum passing through dorsal
fin base; another similar saddle present on caudal
peduncle; tiny jet-black spots, about 1 mm diameter,
scattered over pigmented areas, especially evident on
cheeks, may be absent on individuals shorter than 100
mm SL; #17 sides with 57 or 6-8 bands or blotches,»1917
usually vertical but may be diagonal, these extending
from dorsum to belly white area; an intense black spot
or bar at posterior axil of pectoral fin; distinct bars or
spots usually absent on flanks anterior to pectoral fins;
base and distal half of caudal fin may be dusky with a
lighter central region, but often entire caudal fin may
appear uniformly dusky; other fins devoid of pigment.®'s

Maximum length: To 356 mm.>*"

DISTRIBUTION AND ECOLOGY

Range: Newfoundland to southern Florida,®®'*" rare
north of Cape Cod.5172°

Area distribution: New Jersey,*!>'* Delaware Bay; *¢.#1:22
Delaware; ' Atlantic coasts of Maryland *!%*%.20 and
Virginia; ®'* Chesapeake Bay south of Love Point,
Maryland.®

Habitat and movements: Adults—sandy shores;® over
sand,?*?2 silt and mud; ** around piers,” in estuaries,'*

bays and open Atlantic situations;® move inshore in
spring, winter offshore; '*'722 §.7:*-34 ppt. salinity, »
10.0 *-34.1 C; ™ surface to 20 m;* mostly nearshore™
but cceasionally offshore.®

Larvae—phototrophic, move to surface and float there;
11-22 ppt salinity; '* 20.0-23.0 C.?

Juveniles—semidemersal on smooth bottoms; * 11 7°-322
ppt salinity; 20.4-29.4 C;** commonly at shoreline.

SPAWNING

Occurs in shoal waters near shore.t?

Season: May to August, in New York peak occurs in
June.*

Fecundity: 176,000 eggs in a 265 mm female.*"’

EGGS

Demersal,’*'* cemented to substrate,”'" partly huried in
sand in aquaria; may be broadcast or deposited in 2
circle roughly of a diameter equal to the fish’s length:”
deposited in aggregates; *'* spherical; transparent, ares
of blastoderm with a faint yellowish olive tinge; * dian-
eter 0.85-091 mm,"*'* mean diameter of 0.87 mm’™
with adhesive coating diameter may be 0.95 mm; men-
brane finely reticulated, resembling crepe paper;’ at
hesive,*'"1* gelatinous covering acts as cement, large
number of colorless ail droplets.®

EGG DEVELOPMENT

Incubation period about 112 hours at 19.4 G~

At 194 C:
15 minutes—no noticeable change.
2 hours—first cleavage complete. ,
16 1/2 hours—embryo beginning differentiation.
24 hours—embryo quite distinet,
44 hours—embryo reaching more than
around yolk. e
70 hours—tail Hp free; vertebral somites wsi Er;
movements noticed; scattered melanopheres a_OI’:
each side; eyes quite distinet; oil droplis chief!
located in dorsal half of yolk
90 hours-—in addition to melanophores, ¢ Jos
orange chromatophores scattered alov Siwi .
anteroventral surface of yolk well cmff‘?'fd oo
large, dendritic melanophores; oil globn:esherw
solidating into a smaller number of large: 5P~ -
a few small melanophores and punctulations

1alf way
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0.9 mm

0.9 mm

Fig. 151, Sphoervides maculatus, Notthern puffer. A. Adult, 200 mm. B. Egg, 0.9 mm diameter, unfertilized.
C. Egg, 0.9 mm diameter, two-ce]l stage, 2 1/2 hours after fertilization. D). Eﬁ’ 0. mm diameter, 16 1/2 hours
after ertilization, E, Egg, 0.9 mm diameter, tail-free stage embrya, 46 hours after fertilization. F, Egg, 0.9 mm
g‘;“‘s'it%h advanced embryo, 80 hours after fertilization. (A-G, Weish, W. W., and C. M. Breder, Jr., 1922: figs.

cated in posterior part of iris and on tip of snout;

il tip overlups heud; very active.
H*_hom’s-—hatching begins, increased pigmentation;

t"gmentation  terminated

. posteriotly abruptly yplLK-SAC LARVAE
:}bou t half way hetween vent and tip of tail, at
EF)e

point a brilliant opaque chrome yellow spot
Présent on dorsal surface, some individnals hatch-

ing before this spot developed; most emerged tail
first.”

Average 241 mm at hatching,™® yolk absorbed by
2.55-2.65 mm."*
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Fig. 152. Sphoeroides maculatus, Northen:ﬂjpuﬁer. A. Yolk-sac larve, 2,41 mm, newly hatched. B, Yolk-sac larvas
2.40 mm, close-up of head showing general details and pigment pattem, C.-Yolk-sac larva, 2.50 mm, one day
after hatching, chrome yellow pigment spot shown in finfold over posterior terminus of pigment. 1. Yolk-sac
larva, 2.52 mm, details of vent and posterior pigmentation. Note position of domoposterior yellow pigment spot
over terminus of gemeral pigment. (A-D, Welsh, W. W,, and C. M. Breder, I, 1522: figs. 82, 88, 85, 88
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F‘g 153 Sphaeroides maculatus, Northern puffer. A. Larva, 2.55 mm, dorsal view, 5 days old. Note the sharg
B? between pigmented and n{mpl ented arems. B. Larval tafl tip showing distribution of tubercles,
C. La.rva., 2.82 mm, D, Juvenile, 7.35 mm, [ilgment still lacking on caudal peduncle. (A-D, Welsh,

» ond C. M. Breder, Jr., 1832 figs. 84, 91, 85, 86

293
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Fig. 154. Sphoeroides maculatus, Northern puffer. A. Juvenile, 22.5 mm, showing outline assumed on inflation.

(A, Welsh, W. W, and C. M. Breder, Jr., 1922: 93.)

Body chunky; ® head deflected at hatching. Yolk mass
small at hatching, visibly reduced at 2 days; oil globules
present at hatching; mouth opens 2 days after hatching,
Nostrils visible 24 hours after hatching;, lateral line
organs seemingly beginning at 24 hours after hatching.
Pectoral fins present at hatching, more distinct 24 hours
after hatching; numerous minute tubercles over entire

body; anus opens 2 days after hatching.’

Pigmentation: Pupils not yet dark at hatching; heavy
pigmentation beneath pectoral fins; 7 brilliant coloration,
red, orange, yellow and black chromatophores forming
a variegated pattern, tip of tail colorless, a chrome yel-
low spot marking the posterior abrupt ending of the
chrornatophores; "% deep purplish blac chromatophores
covering anterior end of yolk sac and some scattered
through the iris which also contains a cluster of heavy
black chromatophores in the posterodorsal quadrant.’
As development procceds red pigment becomes rela-
tively reduced and orange and yellow become more
prominent. About 24 hours after hatching pupil black.”

2 days after hatching green markings appear, especially
in iris, under reflected light colors brilliant and metallic;
chrome yellow caudal spot and a few black spots on
head are only dorsal pigmentation.’

LARVAE

Yolk may be absorbed by 2.55 mm (5 days) to 2.65 (10
days),”® fins complete by at least 7.35 mm.»

Maxillary well formed and prominent at 5 days; otoliths
becoming more complicate(f in conformation at 6 days;
small spine developing on operculum at 5 days after
hatching. Pectoral fin becoming less spatulate at 5 days,”
well developed at 2.65 mm (10 days).”® Fifth day after
hatching numerous tubercles of considerable size on
ventral surface, at 8 days tubercles over whole body.”

Pigmentation:
5 days—melanophores on abdomen dendritic’
8 days—body becoming opaque.’
10 days—iris metallic green.””

JUVENILES

7.35 mm * to 90 mm.®

Skin more distensible than that of adult at 7.34 mm, by
22.5 mm, no more inflatable than adult.” Prickles dense
in individuals as small as 10 mm.?

Pigmentation: All specimens below 40 mm and some
up to 100 mm lfack pepper spots.®

GROWTH

No information.

AGE AND SIZE AT MATURITY
Mature by 70-100 mm SL.'s
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Sphoeroides pachygaster (Miiller and Troschel), Blunthead puffer

ADULTS Habitat and movements: Adults——found in relatively deep
water,"" taken from 25-480 m, most deeper than 100 m:
D. 89 (rarely 7);* A. §°-9;% C, 11, first upper and 2

lower rays unbranched; P. 14 -18. Larvae—no information.

Body proportions as percent SL or H1.: Head 38.1°40.1 Juveniles—no information.
SL; ® snout 188 SL* or 45.4-52.6 HL;® eye 8.12°-104
SL ® or 22.2-33.3 HL; * predorsal length 71.9 SL.» SPAWNING

Body with dorsal profile slightly convex, ventral profile No information.
quite convex; head with upper profile convex.® Lateral

line indistinct and difficult to trace; dorsal and anal fins EGGS

may have basal cutaneous folds or sheaths.* Dorsal fin

a little rounded,? inserted behind base of last dorsal Ng information.
ray; * caudal fin truncate; ** pectoral fin moderately

short,’ base width about equal to eye diameter.?
EGG DEVELOPMENT

Pigmentation: Color uniform brown or gray on dorsal .

and lateral surfaces, belly white; 2 specimens from west- No information.

ern Atlantic and juveniles from eastern Atlantic with

dark round or oval spots several millimeters in diameter, yOLK-SAC LARVAE
these spots more prominent laterally; * caudal dark with

whitish margin; '? other fins devoid of pigment;? irls No information.

gray.*
Maximum length: To 250 mm.! LARVAE

No information.
DISTRIBUTION AND ECOLOGY

Range; New Jersey throughout western Atlantic to Ar- JUVENILES
genting, 37° S and from much of the African Atlantic
and Indian Ocean coasts, probably Nigeria to Natal; also
known from St. Helena Island in the Atlantic and from
the Philippines and Hawaii in the Pacific. GROWTH

No information.

Area distribution: New Jersey * and Virginia.»* No information.

143 mm SL

Egig. 1)55. Sphoercides pachygaster, Blunthead puffer. A. Adult, sbout 143 mm SL. (A, Fowler, H. W., 1948
.1



AGE AND SIZE AT MATURITY

Mo informaticn.

N Y
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Sphoeroides spengleri (Bloch), Bandtail puffer

ADULTS

D. 8§ A 7;1%Y C, 11, first upper and 2 lowermost un-
branched,’ 5+6; ' P. 13-14, not counting rudimentary
base present at upper fin sheath which may develop to
25% length of first dorsal ray;! vertebrae 17-18, 8+ 9-
10; ** gill rakers 9-10.%

Body proportions as percent SL or HL: Head length
33.3'—41.7* SL; snout 47.6-62.53 HL; eye .20'-25 HL*

Body oblong 7 or moderately elongate; * head compressed,
long, snout very long, profile from tip of snout to above
eye rising gradually, slightly concave in front of eye.’®
Dorsal and anal fin origins nearly opposite; candal fin
truncate or very slightly rounded, short; pectoral fins
short.?

Pigmentation: Background color dark green, yellowish
brown,? brown and gray; ! pigment restricted to dors-
lateral surfaces, white ventrally; »** dorsum blotched
spotted or mottled; interorbit marked by a dark bar of
variable intensity, often with anterior and posterior ex.
tensions resulting in a cross-shaped marking; ' laters]
pigment bounded ventrally by a row of 11-14 round
black spots on head and body; »® just above this row jsa
region of light pigment, sometimes appearing as a light
streak; mottled dorsal pattern begins just above this light
colored region; may have 2 distinct dark spots present in
the area anterolateral to the dorsal fin; ! caudal fin with
a dark base and distal margin separated by a lighter
band; *? iris orange; pale portion of caudal fin orangish; -
color may lighten or darken in response to background”

Fig, 156. Sphoeroides spengleri, Bandtail
mm SL. (A-C, original drawings by El

er. A. Adult, 80 mm SL. B. Jyvenile, 15 mm SL. C. Juvenile, 21
h Ray Peters.)



Maximum length: Reported to 610 mm,” this report
robably in error, maximum probably about 200 mm SL
{RLS).

DISTRIBUTION AND ECOLOGY

Range: Massachusetts to Sao Paulo, Brazil, but common
mly in the Caribbean, peninsular Florida, the Bahamas
ind Bermuda.® Reports from the Madeira and Canary
Islands ¢ based on 8. marmoratus (RLS).

Area distribution: Included on the basis of Shipp’s distri-
bution map showing continuous distribution between
Massachusetts and Florida.?

Habitat and movements: Adults-—most often in clear,
shallow, tropical waters,' over sand,*"* turtlegrass »* or
other seagrasses,” or algae,” around small patch reefs or
in tida! creeks; ® 14-37.9 ppt ** salinity; 17 '"-33.6 C;*
wually in quite shallow water,* down to 55-73 m; * most
shundant inshore.*

Larvae—no information.

fuveniles—grass flats with bare sandy patches; ** 9.7-38.8
ppt salinity; 18.5-28.0 C.o°

SPAWNING

Mo information.

EGGS

Mo information.

EGG DEVELOPMENT

No information.

Tetraodontidae—puffers

YOLK-SAC LARVAE

No information.

LARVAE

No informaticn.

JUVENILES

Reported down to 13 or 14 mm.'®

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.
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Sphoeroides testudineus (Linnaeus), Checkered puffer

ADULTS

D. 8; A. 7; C. 11, first upper and 2 lowermost rays un-
branched,? 5+6; P. (13) 14-15 (18}; * vertebrae 18,
8+103v

Body proportions as percent SL or HL: Head length
33.34-37.8* SL; snout 43.5-52.6 HL; eve 16.7-25.0 % HL,
5.8-8.0 SL.:

Body robust; head broad with moderately long snout.
Scales reduced to prickles. Lateral line evident* Dorsal
fin origin directly opposite anus, slightly anterior to anal
fin origin; caudal fin slightly rounded, long; pectoral fins
moderately long®

Pigmentation: Restricted to dorsal and lateral surfaces;
background color gray,® brown ** or greenish; ® shading
to whitish on the belly; dorsally a complex pattern of
numerous, arching, coarse light streaks or lines, some
of which when viewed from above, suggest a pattern of
interconnected comcentric circles, though many circles
are very imperfect; ** numerous dark brown or black
spots evident laterally; distal half of caudal fin usually
dark brown to black, proximal half light except for a
narrow diffuse basal bar; all other fins uniformly straw-
colored; ? iris orange.®

Maximum length: To 388 mm TL.

A Adult

DISTRIBUTION AND ECOLOGY

Range: New England to southeastern Brazil; Bahamas
the West Indies; Central American coast; ® absent from
Gulf of Mexico except for Campeche Bay.?

Area distribution: Atlantic coast of Maryland;* lower
Chesapeake Bay.2+

Habitat and movements: Adults—bays, estuaries® and
tida} creeks; ** commonly ascending rivers,>* muddy or
sandy areas near shore, especially near mangroves,' over
turtlegrass; * 0.36 "-38.8 ppt salinity; * 15.07-38 C;* to
44 m ® but usually in less than 3 m.*

Larvae—upper reaches of estuaries.®

Juveniles—upper reaches of estuaries; winter in lower
salinity waters; ® from less than I ppt (RLS) to 38.8 ppt
salinity; 18.9-30.7 C.*

SPAWNING

Location: Probably in shallow water with eggs deposited
in loose sand.’

Season: Based on presence of juveniles less than 20 mm.
season probably continuous.”

length unstated

length unstated

Fig. 157. Sphoeroides testudineus, Chockered puffer. A, Adult, length unstated. B. Adult, dorsal view, length
unstated. (Jorden, D. §., and B. W. Evermenn, 1896-1800: figs. 846, 846a.)
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EGGS GROWTH

o information. No information,

EGG DEVELOPMENT AGE AND SIZE AT MATURITY
No information. No infoermation.

YOLK-SAC LARVAE

No information. 1.

2.
LARVAE 5
No information. 5

6.
JUVENILES "
Reported as small as 88 mm. g
Have adult color pattern by 89 mm.” 10.
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Chilomycterus schoepfi
Diodon hystrix

porcupinefishes
Diodontidae



Blank page retained for pagination




FAMILY DIODONTIDAE

This group of curious Jooking fishes is primarily tropical in distribution with
only two species occurring in this region as strays. Most species are shallow
water forms and all deseribed eggs arce demcersal. They bear u strong resemblance

to their near relatives, the puffers, from which they may be easily differentiated
by their strong two or three rooted spines.
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Chilomycterus schoepfi (Walbaum), Striped burrfish

ADULTS

D. 10-12; 21523 A Q2219 313 (Q, 9 4+5; vertebrae 18-
20 2% or 22,

Bady proportions as percent TL or HL: Head length
38414476 TL; eye 292963 HL.+

Body oval, broad and slightly depressed; caudal peduncle
small; * head short, broad with a short broad snout;*
mouth terminal, small,** gape to in front of eye. No
lateral line apparent.* No true teeth, a continuous plate
with a cutting edge, no median suture.®'* Body covered
with stout, mostly 3-rooted spines, fixed in an erect posi-
tion.’® Dorsal fin rounded, inserted far back on body,
just before the caudal peduncle; caudal fin long, NArmow,
rounded; anal fin under dorsal fin; pectoral fin broad,
truncate with rounded corners; no pelvic fins.?*7

Pigmentation: Background color green to olive or brown,
beﬁ; pale; back and sides irregularly striped with brown
to black lines running posteroventrally,®'* considerable
variation in number of lines; ** dark blotch below or on
base of dorsal fin,***'* may be reduced to two isclated
spots, one on either side at middle of fin base; 1 blotches
behind pectoral fins and above pectoral base; 3* blotch
present or absent below eye; blotch about the anal fin
base present or absent;® irs brassy yellow, darker
toward outer margin; capable of rapidly lightening and
darkening general coloration in response to background.?

Maximum length: Reported to reach 254 mm,*#*1®

DISTRIBUTION AND ECOLOGY

Range: New England and the Bahamas to southeastern
Brazil, including the Gulf of Mexico; ** along Atlantic
coast of U.S. most numerous from the Carolinas south-
ward, straying to Maine *** and Nova Scotia.’®

Area distribution: New Jersey; »** Delaware Bay; 3® At-
lantic coasts of Maryland 7?22 and Virginia; 2 and
north in Chesapeake Bay to Patuxent River.’

Habitat and movements: Adults—most often on grass
beds; ¥ move out of shoal waters at the advent of cold
weather; * 69847 ppt salinity; reported from 12.4-38.0
10 ynable to survive 5.8 C, in Texas killed when water
temperatures dropped to 4.5 C;* reported to 91 m,
usually in less than 18 m.*

Larvae—no information.

Juveniles—shallow, sandy areas often associated with
grass beds; 7 15.0 1'-37.6 ppt salinity; * 10.0 *-38+ C;**
usually found along shore.*

SPAWNING

Location: Believed to be offshore.®!

Season: Reported as July *? or probably early spring
individuals with nearly ripe gonads have been taken in '
October.*

EGGS

Unfertilized eggs demersal, nonadhesive and transparent
with an average diameter of 1.8 mm.5'?

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information.

JUVENILES

Yellow-green at 38 mm.”

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information except that a 190 mm female was 1'CPOrtad '
with ripe eggs.'?
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length unstated

Fig. 158. Chilomycterus scmﬁ, Striped burrfish. A. Adult, length unstated, B. Juvenile, 14 mm SL. {4, Smith,

H. M., 1907: fig. 159. B, F
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Diodon hystrix Linmaeus, Porcupinefish

ADULTS

D. 12 ¢#»1_16 2 world-wide, western Atlantic 13 #4-18; 2
A. 12 #2010 16 213 world-wide and western Atlantic; C.
8 ar 9, 44 5; % P. 22-23% or 25; 2** vertebrae 20; gill
rakers 6, all rudiments.?

Body proportions as percent TL, HL or SL: Depth 33.3-
40.8 TL;* head length 51.1 SL® or 41.7-45.4 TL; * eye
26.0°-35.0 HL * or 9.8 SL.

Body robust,** broader than deep; head depressed, no-
ticeably broader than deep; mouth broad.® Teeth repre-
sented by a single plate with no median suture.® Spines
of skin Jong, mostly 2-rooted, folding back when fish not
inflated,” Dworsal fin inserted a little in advance of anal
fin; caudal fin rounded; '" upper lobe of pectoral fin little
longer than lower.**

A AdultWy

Pigmentation: Ground color of back olivaceous,™* gree,.
ish” or greenish yellow;? underside whitish''" o
dusky,* a gray or dusky ring on the venter margining the
white,” a band coming up from this ring to the eye with
another on cheek; * back and sides marked by numeroys
small, roundish spots, these also extending onto the fins;:
may have blotches; ¢ upper surface of head dusky; i
dusky greenish; pales considerably when excited’

Maximum length: Reported to reach over 900 mm.7#»

DISTRIBUTION AND ECOLOGY

Range: Circumtropical,”® in western Atlantic common
from Santos, Brazil* & Florida,” drifting in the Gull
Stream rarely to Massachusetts.*®

Length unstated

Fig. 159. Diedon

strix, Porcupinefish. A. Adult, le
as ca. 15 mm SL.’? }F

A, Smith, H. M., 1907: fig. 158.

B

Length unstated

~

th unstated. B, Juvenile, length unstated, but calculated
, Fowler, H. W., 1928; fig. 79.)



Area distribution: Lower Chesapeake Bay,*' Atlantic
wast of Maryland ' and New Jersey.®

Habitat and movements: Adults-—shallow inshore areas,
alo oceanic, pelagic (RAF), coral reefs?® turtlegrass
heds; 7 sometimes in only a few centimeters near shore.’

farvae—no information.

Juveniles—pelagic,” found around eelgrass or drifting in
foating Sargassum.®

SPAWNING

In the Caribbean ripe females were found in February
and March.*

EGGS

No information.

YOLK-SAC LARVAE

No information.

LARVAE

No information.

JUVENILES

No information.

Diodontidae—porcupinefishes 309

GROWTH

No information.

AGE AND SIZE AT MATURITY

No information.
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FAMILY MOLIDAE

The ocean sunfishes have a vast literature; most observations on them seem
to find their way into print. Gigantic size and weight of some individuals, very
unique anatomy that is challenging to describe in conventional ichthyological
terms, complex life history including more than one metamorphusis during de-
velopment, considerable individual variability in shape and coloration, and an
inaccessible oceanic habitat from which they unpredictably appear in widely
separated places are all factors in their scientific notoriety. Most svstematic com-
parisons rest on published data; the bulk and shape of adults make them very
difficult to preserve adequately, and even good photographs are rare.

Schmidt (1921b) and Fraser-Brunner {1951} have attempted to sort out the
confusion in published names, which, with spelling permutations, number about
80. Schmidt reduced these to three species in two genera, Ranzania and Mola,
Fraser-Brunner elevated Schmidt's genera to subfamilies and recognized Ran-
zania laevis (Pennant), Mola mola (Linnacus), Mola ramseyi (Giglioli), Masturus
lanceolatus (Lienard) and Masturus oxyuropterus {Bleeker), with the qualification
that the last two are probably sexes of the same specics. He suggested that the
oxyuropterus form might represent females, but Glover (1966) has subsequently
reported a female specimen that seems to fit M. lanceolatus as characterized by
Fraser-Brunner. Most recent authors have ignored the name oxyuropterus, e.g.,
Parin (1968), but have othorwise followed Fraser-Brunner’s usage of names.
Mola ramseyi is apparently restricted to the South Pacific; Mole alexandrini
(Ranzani) in South Africa (Bamard, 1935, 1948) may be a valid species (JCT)
all the others mentioned are cosmopolitan in tropical to temperate seas. Ranzania
laevis has not been reported inside the geographic limits of the study but occurs
in the nearby Gulf Stream; it has been incorporated in the key below as a form
that may stray into the coastal fauna, also making the key applicable to the North
Atlantic Ocean in general.

Any molid larger than early larvae is immediately recognizable by the_lack
of a caudal peduncle. Young larvae have a typical tetradontiform shape with a
caudal Iobe on the finfold (Schmidt, 1921a, 1921b; Sanzo, 1919, 1939, Aboussouan
1969). The caudal area appears to degenerate as larvac advance into a so-called
ostracioniform phase (Tortonese, 1956). However, if the 17 myomeres figured by
Sanzo {1939) for Mola mela correspond to the 17 adult vertebrae in the usual
way, only the 0.17 mm or so of protruding urostyle and the caudal ﬁnfﬂ!d actually
degenerate or are overgrown, the significant event, or non-cvent, being failure
to produce hypural elements. Sanzo (1939) is the only one to portray or discuss
myomeres of larval molids and his figure is unique in that all of the myomeres
appear to be postanal myomeres. It is therefore possible that more than 17
are actually present and that some degeneration of the posterior caudal trunk
does occur, _

The posterior fin of molids, which functions as a rudder (Damant 1925), is
supported by rays apparently derived from the posterior parts of the dorsal and
anal fins and, in Masturus only, a central lobe contains rays that may represent
true caudal rays (Ryder, 1888; Gudger, 1937 Ravesn, 1629; Fraser-Brunner, 19315
Tler, 1970). The structure, therefore, cannot legitlmatelx be called a candal fin.
Raven and Tyler have termed it a pseudocauda] fin, while Frg.ser—anncr proi
posed an independent name, the clavus. At least partly to avoid the cor?ce tua
dificulty with Masturus of caudal rays in pseudocaudal fin, the terms clavus
and claval structures (rays, etc.) are used here. _ 1obe of

It is intriguing to speculate on the origin of the rays in the clavalbolga g)
Masturus; in {arvae or young prejuveniles figured by Schmidt (1921a, b,
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and McCulloch (1912} some rays apparently destined to occupy the lobe appear
to be epaxial in respect to the primitive notochord tip. If so, and if these are true
caudal rays, they would not correspond to principal candal rays of other teleosts.
Without hypural elements as refcrence, answers to the many questions raised
must wait on detailed study of the critical size range from 3 to 10 mm TL.

Lack of hypurals also makes the term “standard length” technically unsuitable
for molids, since it is defined in terms of the hypural plate. The claval rays are
unsegmented (Tyler, 1970) and hinged at the base to create a junction line even
sharper and easier to locate than the usual teleostean hypural border. While no
substitute measurement for standard length is available in most of the literaturc
on Mola mola, total length was judged to be consistent enough for general mor-
phometric comparisons. A trailing claval whiplash, longer than the body length
ahead of the clavus, in two juvenile Masturus specimens (King 1951) is evidence
that the claval lobes of the adults reported have been variously amputated, and
that, with this genus, total length is completely useless for comparative propor-
tional measurements. The term preclaval length (PCL) is proposed as a substi-
tute for standard length, defined as length in the vertebral axis (relatively straight
and horizontal in this family) from the tip of the upper jaw to the anterior claval
border or hinge line (viz., Hart, 1973). Notice, incidentally, that morphometrics
based on PCL arc not available for Mola, and that those based on TL are not
directly comparable to those calculated for Masturus.

Recognition of a prejuvenile (molocanthiform) stage in molid development
seems warranted, since larval spines and very different body proportions from
adults are retained well beyond the size at which the definitive fin ray counts are
established. The lower limits of the stage are not clearly defined, however, partly
because most of the material reported has come from the stomachs of predatory
fishes, in which the delicate fins may have been damaged or destroved. A critical
examination of specimens in the size range 3-13 mm TL is needed. Schmidt
(1921a, b}, Gudger (1937a) and Fitch (1950) indicated that abundant material has
been collected.

Steenstrup and Liitken (1898) provided the first extensive monograph on this
family (in Danish), and their careful illustrations remain valuable even though
many of their systematic conclusions did not stand the test of time. Their system
of numbering f:;.rval-prejuvenile spines, although somewhat cumbersome, is the
only one that has been proposed. It is reproduced here on a redrawing that has
been reversed right to left and shows odd numbered paired spines rather than
the even numbered spines visible on the animal’s right side. The relative lengths
of mid-dorsal unpaired spines provide simple identification of small prejuveniles.
Schmidt (1921h), incidentally, mentioned that spines of Molidae exhibit trans-
verse as well as longitudinal ridges, in distinction to Ranzaniinae. This statement
has been cited by others, but the author was unable to find an illustration of the
feature. A network of intersecting ridges was well developed on the spines of a
14 mm TL Mola mola (USNM 217452) examined, and is illustrated with that
species. Note also that the serrations of the longitudinal ridges point outward
from the body, probably rendering the burr-like creature even more difficult for
small predators to ingest. Unfortunately, this specimen has been partially di-
gested, by a large predator, and is not suitable for complete illustration.

Spines of the specimen examined were arrayed exactly as in the illustrations
of Steenstrup and Liitken. A similar arrangement of spines can be made out in
the 5 mm TL specimen photographed by Schmidt (1926). This photograph was
delineated by Fraser-Brunner (1951) omitting spines 11, 13, 21 and 23, as well
as the small unnumbered spincs anterodorsal to the pectoral fin, and also by
Tortonese (1956) omitting spines 9, 19, and 23 and placing what appears to be
spine 17 in the mid-dorsal line. This attempt at delineation and the interpreta-
tions may be similarly criticized,; hopefully this specimen or others of the same
size can someday be illustrated in a way to end speculation.
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Fig. 160. Mola mola, 15 mm TL, ilustrating spine numbering
system for molid larvae and prejuveniles. Even numbers §-22
apply to right side of the animal (only no. 16 visible nbove),
(Steenstrup, ., and €. Liitken, 1898: pl. 4, fig. A., reversed and
correspondingly renumbered, redrawing by Joan Ellis.)

In distinguishing two forms of Masturus, Fraser-Brunner (1931) indicated for
all sizes a distinct bimodality of ray counts in the median lobe of the clavus;
eight (rarely seven or nine) in lanceolatus and four (rarely threc or five} in
oxyuropterus. Several authors, including Schmidt (1921b) and Gudger (1937b)
have mentioned the difficulty of distinguishing rays that belong to the lobe from
adjacent claval rays. Perhaps an apparent slip, in listing pl. 6, fig. D of Schmidt
(1921) in the synonymy of oxyuropterus but pl. 1, fig. 5 of Steenstrup and
Liitken (1898) in the synonymy of lanceolatus, reveals more uncertainty in Fraser-
Brunner’s distinction than even he admitted, since Schmidt states that they are
photograph and drawing, respectively, of the same specimen. Gudger {1935h
and 1939} listed lobe counts of six rays for two juveniles, five for one and four
for only one, King (1951) added two more juveniles with lobe counts of six rays,
and Tyler’s (1970} careful illustration shows five median rays not associated with
radial elements. Uncertainties in prejuvenile counts owing to obvicus fin damage
and in adult counts because of thickness of the obscuring integument supplement
the contradiction posed by six of the seven available juvenile counts and all but
eliminate this characteristic’s relevance for separating forms. Other differences
described by Fraser-Brunmer apply principally to adults and do appear, as he
suggests, to reveal sexual dimorphism paralle] to that of Mola mola. . _

A difference unrelated to those discussed by Fraser-Brunner was noticed in
compiling proportions of prejuveniles that have been illustrated. The absolute
length of spines in larvae from the Atlantic Ocean seems considerably greater
than that of Pacific examples, which are unfortunately only represented by ﬂra‘fé
ings, Since the length does not appear to change after about 5 mm TL, it shou
be measured in future specimens described for at least some of the longer spines.
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C ca. 8.4 mm TL

Fig. 161. Early stages of Ranzenia laevis. A. Larva, 2.8 mm TL.
B. Putative prejuvenile ca. 5 mm TL. C. Putative prejuvenile ca.
8.4 mm TL. (A, Torionese, E,, 1956: fig. 825, r L. Sanzo,
1819. B, Steenstrup, J., and C. Liitken, 1898: pl. 4, fig. H, re-
drawn by Joan Ellis. C, Scotton, L. N., and D. F. de Sylva, 1972:
201, redrgqum by Joan Ellis.)
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Key to spinose larvae and prejuvenile Molidae of the Atlantic Ocean.

la.

1b.

2a.

2b.

Spines with transverse ribs around the base in addition to longitudinal
ribs; spines 3, 21 (or 20}, 13 (or 12) and 7 aligned in a shallow arc or
straight line passing through pectoral origin (Molidae) ............ 2

Only longitudinal ribs an spines; spine number 7 (third midventral spine)
well ahead of pectoral fin origin and the Jevel of spines 3, 21 and 13;
spine 3 (first mid-ventral spine} between spines § and 9 {anteroventral
eye spines); spines 1 and 4 (first and last mid-dorsal spines} much longer
than spines 2 and 3 (the middorsal spines between them) (Ranzaniinge)
................................................. Ranzania laevis

Spines 1 and & much longer thau spines 2 and 4; spine 5 longer than
spines & and 7; profile of chin angled at base of spine 5 (first mid-ventral
spine} when young; spine 17 (or 16} much shorter than spine 19
{or 18) . Masturus lanceolatus

Spine 1 (first mid-dorsal spine) minute, spines 2, 3 and 4 similar to each
other in length; chin profile rounded; spine 17 {or 16, anterodorsal
eye spines) almost as long as spinc 19 (or 18, posterodorsal eye
SPINES) L. e Mola mola
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Masturus lanceolatus (Lienard), Sharptail ocean sunfish

ADULTS

P, 740013 (173 an error ); V. absent;' clavus?®
(pseudocaudal *27) with 4-8 1515 in median lobe (possibly
true caudal rays '), -7 above lobe %2 (derived from
dorsal fin #12*) and 7-11 below lobe *-'*2* (derived from
anal fin *'#%); total D.+A 4+C. 55°-64" (5557 in
oxyuropterus form, 80 +in lanceolatus form ®); D. {ex-
cluding clavug) 18 34°-20; ** A. (excluding clavus) 16 *—
18 #av4e (193 quated incorrectly,™ 21 ** doubtful, GED);
vertebrae 16 (84 8); ' gills 4; branchiostegals 6.5

Range of proportions as percent of PCL (preclaval
length, defined in family introduction) unless otherwise
stated: Distal tip of dorsal fin to distal tip of anal fin
140 #4154 * {ea. 110% of TL*); greatest depth of body
(dorsal fin origin to anal fin origin where known) ca.
54.6 * (PCL estimated, GED) or 66-71; **%#.3 pectoral
fin length 12.1 >*-14.2; “* dorsal fin height 36.9 #—49.5; 13
anal fin height 42.7 **—45.9;* pectoral fin base ca. 8.3;
dorsal fin hase 23 **—ca. 23; *2 anal fin base ca. 23; 2230
head 35.3; ¢ snout 80% of head; 3" eye 4.3 *-5.8% (axis
unstated), on longitudinal axis 4.1-4.8, on vertical axis
3.74.2; "* interorbital width 16.5 °-18.4; * greatest body
width 20.2 -29.0; * width of mouth 6.3 *-9.7; * diam-
eter of gill aperture 7.3 vertical,'** 5.0 Jongitudinal; **
length of gills 38.7; ** horizontal length of clavus 27.3 .-
28.4 (22.1% of TL *},

Body compressed, elongate ovoid,* oval lanceolate in
cross section.”” Head wider than body,* without ridges
above or below eves®” its dorsal profile more evenly
arched than that of Molae; *® snout rounded; chin not
prominent ¥ {oxyuropterus form *} or prominent ante-
riorly %7 (lunceolatus form ®); interorbital region broadly
convex; * eve oblong,'® closer to tip of snout than to
base of pectoral fin,** with nictitating membrane; ** nos-
trils inconspicuous; ** mouth small, terminal,**37 put-
line of gape almost circular when mouth open,** tongue
broad * and hard,** not free; *® gill rakers concealed in
thick skin; *7 gill openings reduced to mere spiracles,
directed backward,* semicircular,® extending somewhat
under pectoral fin bases, not separated from them by a
strip of skin as in Mola.*” Pectoral fins short and rounded,
somewhat smaller in proportion than those of Mol
(GED): no pelvic girdle or pelvic fins; * dorsal and anal
fins similar and opposed, used in locomotion, anal fin
origin slightly behind dorsal fin origin, both united with
clavus ® or pseudocaudal fin 1% by broad membranes; *
clavus used in steering, capable of bending almost to 90°
angle with body axis,’® dorsal and ventral portions meet-
ing in a median, fleshy flap*** that contains rays un-
supported by radial elements and may represent a true
caudal remnant ' (evidence for this still equivocal **),

point of clavus evidently variously shortened or mutilated
in adults; * claval rays not branched distally in adults;
all median fin rays obscured by thick integument’*
Collagenous hide of body essentially similar to that of
Moln, underlying flesh said to resemnble that of some de(-p
sea fishes; ** integumentary scutes finer and less evident
to the touch than those of Molg,?® each scute with 3
narrow oblong base and several conical multipointed
cusps,*™ points directed posteriorly and sandpapery to
the touch if stroked toward the head; skin not covered
with thick muecus; '*#** skeleton mostly cartilagenous;
one less vertebra than Mola, the last bearing a haemal
spine and a very reduced neural spine, apparently cor
responding to the penultimate vertebra of Mola; ** ovary
single.*

Pigmentation: Black ** or blue-black 2" dorsally, fading
to brown in preservation,”® dark color extending on snout
and dorsal fin,* sides and ventral surfaces silvery ™%
with scattered round, poorly defined dark spots on lower .
sides; ****7 anal fin black at tip shading to silvery at
base,* bases of anal fin and lower clavus gray with
bluish-white spots,®>** spots fading to silver after
death % and 1o gray against a dusky backgrourd i
preservation; * metallic reflections on sides and blue of
claval spots intense in life; ** pectoral fins lighter than
back,® dusky, membrane paler than rays; iris light
mottled brown in life,** slaty with a well defined buf
band and a buff spot on lower portion in alcobol; © lips
and interior of mouth in life dark rose with a trace
of purple.?

Maximum size: Largest reported specimens from Atlantic
2591 mm TL (Cuba)% and 2540 mm TL (Miami
Florida), the latter 1880 mm PCL.,* an older Mla“]f
specimen claimed to have exceeded 3000 mm TL;
largest elsewhere 2298 mm TL (the type Indian Oceat =
no Pacific records larger than 1220 mm TL."

DISTRIBUTION AND ECOLOGY

Range: Universally distributed in warmer par's Ofﬁsf

oceans,” the range similar to that of the sargas<um : ﬁ:

Histrio histrio (GED); penetrating into ternpr'mtﬁ-gaE

tudes but encountered more rarely than Mola mola; '?10 .
reported in Mediterranean Sea?' or eastern Paciﬁ%

Northernmost record a sighting on St. Pierre Bank at .

02" N, 55° 13 W east of Nova Scotia,” eastern _AEIS“ _
limits presently Azores,**** Canary Islandi™ ;181[:?13

Madeira Islands.® Reaching South Africa," Brazil,

v an Mi 5
western Caribbean,® the Gulf of Mexico w1 T;{lcsl?;n
sippi,® the south Pacific,**20au3s¢  Agstralia,” n!:moﬂ'

9.0 27,3 st €0
Ocean >* and Japan.'™*™ Young stages m et

from south of Japan " to Hawaii *** in the nor
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A Rdult mm PCL

B Adult

c 2.8 mm TL

D 3.0 mm TL

I;ig- 162, Masturys lanceolatus, Sharptail ocean sunfish. A. Adult [or subadult), lanceolatus form, 775 mm PCL
(553 mm TL). B, Adult, oxyuropterus form, 950 mm PCL {1220 mm TL). C. Larva, 2.8 mm TL. D. Larva

{or prejuvenile), 3.0 mm TL. (4, G

er, E. W., 1933a:

fig. 1, delineated by Toemiko Karr. B, Smedley, N,

1932: pl. 1, delineated by Tamiko Karr, C, Schmidt, 1., 1921b. fig. l4c, delineated by Tamiko Karr. D, Scko-

lerskaye, T. 8., andl 4. § Sokolovskiy, 1975 fig. Zd}
Paciﬁ . N
"\ﬂa.n:i‘(-_,md in the Sargasso Sea of the northwestern

11118, . }
erid .10 ** adult records concentrated in Cuba,
#"" and South Africa.»s

Areq dickrit o

; eam(i‘SttlillbUUOn: Occasionally off outer beaches in late

et {L Foughout region (FJS); a Gulf Stream species

in Higy “CUr inshore under the same conditions that bring
tio histrio (GED).

Habitat and movements: Adults and juveniles—oceanic,
considered epipelagic: * movements largely  unknown
(GEDY); generally entering the Sea of Japan in October
with the Tushima warm current.** Depth distribution
unknown, benthic sponges in stornach of Japanese juve-
niles 70 mm PCL; " a Mississippi specimen trawled at
depth of 37 m.*
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Larvae and prejuveniles—taken in ncts at depths some-
what greater than similar stages of Runzania, always dead
when retrieved ** (Ranzania found in upper 25 m laver '7);
benthic anmelids found in stomach of Japanese pre-
juvenile 37 mm PCL; ** majority of voung Masturus
reported from stomachs of larger carnivorous fishes:
Thynnus,*** Coryphaena,** Acanthocybium,' ctc,

SPAWNING

Location: Central parts of the subtropical circulations,**
Pacific prejuveniles all within 25° of the equator 172"

Season: No direct information. A few dates correlated
with size: Pacific young 2.9-12.¢ mm TL in February,
April and August,’” Atlantic voung 22 mm TL in Januvary,
53 mm PCL in October.?

Temperature and salinity: No information.

Fecundity: A large quantity of ovarian eggs.*

EGGS

Location: Pelagic.!?

Unfertilized eggs: Immature ovarian eggs vellow,*® no
other information.

Fertilized eggs: Diameter ca. 1.8 mm; larger than the
eggs of Ranzania from the same area; oil droplets many,
ca. 40 (versus ca. 20 in Ranzania); I* no other information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No particular sizes described; newly hatched larvae
possessing a primary tail; none of the spines remarkable
for special length; "' no other information.

LARVAE

Specimens described: 2.8 mm TL and possible larva 3.0
mm TL. Length at end of stage probably less than 6 mm,
possibly ca. 3 mm TL (GED}.

At 28 mm TL urostyle and surrcunding finfold still
present, faint striations radiating dorsal and ventral to
urostyle (retouched to resemble rays in Schmidt’s figure};
ca. 10 well developed pectoral rays; ca. 9 dorsal and 8
anal rays discernible; a series of wedge-shaped or pyra-
midal spines present; ** {additional description, GED,
based on retouched ** photograph ** and two less clear
but unretouched prints from same negative ***) all spines

DEVELOPMENT oOF FISHES OF THE MID-ATLANTIC BiGHT

to be found on larger specimens recognizable, with by
longitudinal and transverse ridges, the longitudinal ridges
serrate; eve ca. 17% of body length; several spines longer
than eve diameter, and posterodorsal oye spines longer
than anterodorsal eye spines (the latter two featurs
distinguishing this stage from Mole); anteroventral paired
eve spines well dorsad to first mid-ventral spine (dis
tinguishing Masturus from Ranzania); origin of pectoral
fin behind midpoint of body length without caudal. near
midpoint of total length.

At 3.0 mm TL (deseription, GED, based on an illus
tration ’* in which spines 13 and 15 occlude view of
caudal region; fin ray counts not stated) first and thid
mid-dorsal spines {1 and 3), first mid-ventral spine (5.
and paired spines posteroventral to pectoral fin orign
(12 and 13, right and left, respectively) almost twice
as fong as spines 2 and 6 and noticeably longer than
spines 4 and 7 (diagnostic of the species at this and
larger stages); spines strougly serrate along edges: pro
portions otherwise similar to preceding description.

PREJUVENILES

Specimens deseribed 5.0 mm TI~34 mm PCL. Size
end of stage 5560 mm PCL, characterized at this sizc
by disappearance of spines and a gradual metamorphosic
to adult body proportions, especially in depth from dosal
fin origin to anal fin origin, and in placement of pectorl

fins (GED).

At 5-55 mm TL (Atlantic specimens) body deeper tha
long; spines 1, 3, 5, 12 and 13 greatly elongated, longer
than body, with lengitudinal and transverse ribs on spin®
bases; anterodorsal eye spines rudimentary; ' fin 1y
counts not stated, estimated as P. ca. 10, D. ca. 8 A
9% (D. and A. exclusive of clavus, estimated from phot-
graphs with median fins in oblique view, GEDY caudal
fin reduced to a minute knob, possibly with a faint 1em
nant of finfold tissue; pyramidal serrated spines lacking’
(the latter inconsistent with next figure be?ow; ﬂf]ditm“a,]'
description, GED, based on photographs 111%#%} pectort
fin origin behind midpoint of PCL, near midpaint u;-
body depth; eye diameter ca. 28% of PCL; three paiss ©

unnumbered spines on lower sides similar in appearat®

and position to those of Molg mola; anterior and ventra
profiles of chin meeting in an acute angle at base ¢

spine {no. 5).

At 5.9 mm (PCL?; Pacific specimen, fin ray counts -
stated; description, GED, based on figure*") shape 20%.
proportions of body similar to preceding dt‘-‘*i‘-“l’t’r_ms
but longest spines much shorter, serrate along pdgei‘a!
narrow clavus evident with distinct rays; am(.mdolrscq.
eye spines and unnumbered spine pairs of lower s

not figured. | .
At ca, 10 mm (TLP; Pacific specimen) body depth o _'

f chin
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Fig. 183, M 8 tail unfish. A. Putative reiuvenite, 5.5 mm TL. B. Putative pre-
asturs Iangeolatus, Sharp el oo Eo io21h: fig. 1o, delineated by Te-

javenile, 5.9 mm (PCLP). C. Prejuvenile, ca. 10 mm TL. (A, Schmad,
miko Kars. B, Sokolovskays, T. 5., and A, 8. Sokolovskiy, 1975: fig. 2.
versed and slightly modified), after McCulloch, A. R, 1812

C, Gudger, E. W, 1837a: fig. 4 {re-

321



322 DevErorpMenT OF F1sHES oF THE Mm-Arvaxtic BicHT

12 mm (PCL7?}

Fig. 184. Masturus lenceolatus, Sharptail ocean sunfish. A. Prejuvenile, 10.5 mm TL. B. Prejuvenile, 13 mul
TL. C. Anterior view of same specimen. [3. Prejuvenile, 12 mm (PCL?P). E. Prejuvenile, 21 mm TL. {4
Schmidt, J., 1932: pl. 167, delinested by Tamiko Karr. B, C, Tortonese, E., 1956: ﬁ% 831 (reversed), after
McCulgch, ‘j" R., 1912, D, Sokelovskeya, T. 5., and A.S. Sokolovskiy, 1975: fig. 2e. E, Fraser-Brunner, A,
1951, fg. 9.



4% of PCL; eye diameter ca. 19% of PCL,; P, 11, D. 17,
A 144 (D. and A. exclusive of clavus); dermal tubercles
developed; *° fleshy bases of dorsal and anal fins more
developed than those of 5 mm specimen; a fleshy pointed
lobe bearing five rays present ncar midpoint of claval
area; ¥ two pairs of unnumbered spines on lower sides
evident in original figure *' (added to Gudger’s ™ re-
drawing reproduced here); angle at base of chin spine
obtuse but still distinct {GED).

At 105 mm TL (Atlantic specimen) spines relatively
shorter than at 5 mm TL,® actual length of longest

T e S

4

a 22 mm (PCL?) B
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spines {ca. 57 mm) remaining virtally unchanged
(GED}; ray count estimated as P. ca. 10, D. ¢ca. 17, A. ca.

16 (D. and A. excluding clavus), D.+A.+C. complex
50 4

At 13 mm (TL?; Pacific specimen} depth of body ca. 125%
of length, in front view broad above and narrow below;
eve placed in a shallow depression; width of mouth equal
to eve diameter; gill opening oblique, curved, piaced
behind middle of body length and above middle of body
depth; nostril a small simple opening in frent of lower
part of eye; anus small, just below base of anal fin;

22.5 mm PCL

C 24 mm TL

Fig. 185. Masturus lanceolatus, Sharptail ocean sunfish. A. Prejuvenile, iﬁZ glmG{ul:iCL?},E B“?reig\;;:;i'h;g 221.3
- - , N imen. (A, C, er, E. W, P hg. Le,
L. C. Prejuvenile, 24 mm TL. D. AnlEﬂgr ;:L?b“; nlf{sm;-;;asgpe;ém(}“ lg, Schmidtlg ], 1921b: PL 1, fig. 4a,

fig. 20, after Steenstrup and Liitken, 1898.
lineated by Tamiko Karr.)

min

3

20
de-



324

pectoral with 10 rays, other fin counts obscure, ca. 14 in
each of D. and A.; caudal base small, triangular, fleshy
with several, apparently free rays projecting from it; skin
closely studded with microscopic scutes, cach one with a
more or less distinct central tubercle and radiating
striae; skin somewhat rougher on the back and smoother
on the sides; 21 enlarged spiniform dermal tubercles >
(spines), their placement as in smaller specimens;
absolute length of longest spines less than 3 mm, as in
all Pacific specimens figured here and none of the smaller
Atlantic specimens; mouth parts in the form of a2 beak
(GED).

At 12 mm (PCL?; Pacific specimen; description, GED,
based on figure'?) proportions similar to preceding
examples, a noteworthy difference is the presence of a long

DeveELoPMENT OF FisHes or T Mim-ATtvoantic Bicar

whiplash caudal filament similar to that figured for mych
larger specimens, this presumably lost in other reportry
specimens of comparable size.

In examples from 20 to 32 mm PCL #*'**** proportions
changing little, origin of pectoral fin close to or slightl
behind midpoint of PCL; greatest depth of body als
near midpoint; depth from origin of dorsal fin to origin
of anal fin ca. 30-70% of PCL; distance from tip of dorwl
fin to tip of anal fin ca. 100% of PCL. Figure at 22.5 mm
PCL " and phetograph at 25 mm TL ™ (outline traced
in the delineation} probably give most accurate represen-
tation. An air bladder present at 21 mm TL."

In examples from 34 to 34 mm PCL #1112 vias24e g,
body becoming longer and deeper behind the pectond

i.*
ot By
o P'Irﬁlﬁj

R ki

C 32 mm PCL

D 34 mm PCL

Fig. 188, Masturus lanceolatus, Sharptail ocean sunfish. A. Prejuvenile, 25 mm TL. B. Another drawing from

pho

raph claimed to represent same specimen (Schmidt, J., 1921%: pl

. 1). C. Prejuvenile, 32 mm PCL. D. Pre-

juvenile, 834 mm PCL. (A, D, Gudger, E. W., 1937a: figs. 21, 13. B, Schéidt, ]., 1921b: pl. 1, fig. 5, delineated

yy Tamiko Karr. C, Guenther, A. C. L., 1880: fig. 94.)
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D 50 mm PCL

Fig, 187, Masturus lanceclatus, Sharptail ocean sunfish. A. Prefuvenile, 37 mm (TL?}. B. Prejuvenile, 47 mm

PCL (58 mm TL),

C. Prejuvenile, 47.5 mm PCL {ca. 65 mm TL). D. Prejuvenile, 0.50 mm PCL. (A, Tortonese,

E., 1956: pl. 51, fig. 23, redrawn by Tamiko Karr. B, Gudger, E. W., 1935b: fig. 2. C, Gudger, E. W., 1937a:
fig. 19, after Steenstrup, J., and C. Liitken, 1898. D, Ryder, ). A., 1886: pl. 7. fig. 5.

?{?;;{fiag depth from dorsal fin origin to anal fin origin
. g relative to the depth at level of pectoral
" . clavus widening with development of a fleshy
o, ;»5 Tays projecting beyond the membrane; distance
Sider-ﬁllp of dorsal fin to tip of aval fin increased con-
More. _-; Vl In relation to greatest depth of hody, although
Otres . 39_5 constant as a percentage of PCL because of
hent “??I?Dmg elongation of the body; spines less promi-
% tomy C ) End replaced by scars in specimens 47 and
cdge of L; 2 several rows of small spines along ventral
¢ of body at 84 mm PCL, and a slightly raised dorsal

nd . .
Uﬁgg}‘zlehlnd midpoint from tip of snout to dorsal fin

Pigmentation: At 13 mm TL gravish above, whitish below
in aleohol; * specimens 35-50 mm TL silver, black above,
with irregularly scattered round dark blotches; vertical
fins hrown with silver on the claval base.'s

JUVENILES

Size range not established. Specimens described 60-145
mm PCL (note: specimens ca. 730 mm PCL * and 775
mm PCL,* the latter figured here as an adult, possibly
preadults, GED)}.

In seven specimens: P. 9-10; D. 17-20 and A. 18-19
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54 mm (PCL?}

77.5 mm PCL

Fig. 168. Masturus lanceolatus, Sharptail ocean gunfish. A. Prejuvenile, 53 mm PCL (85 mm TL). B. Prejuve-
nile, 54 mm (PCL?). C. Juvenile, 77.5 mm PCL. {A, Gudger, E. W, 1935b: fiz, 1. B, Putnam, F. W., 1871b:
fiz. 3. C, Yabe, H., 1953: figs. 2 and 3, composite drawing by Joan Ellis.}

{(excluding clavus); clavus 19-23 (5-8 dorsal to Tobe, 712
ventral to lobe, 4-6 in lobe); D. 4+ C. 4+ A. 54-62.28227
Distance from dorsal fin origin to anal fin origin increas-
ing from ca. 60% of PCL at 60 mm PCL *° to ca. 70% of
PCL at 145 mim PCL % and from ca. 80% to ca. 100% of
greatest body depth over the same size range; prepectoral
distance reduced to ca. 40% of PCL by 125 mm PCL; %
distance from tip of dorsal fin to tip of anal fin variable,
ca. 95 1*-126% of PCL; ¢ scars of spines indistinct by 60
mm PCL,? not mentioned or figured for lar%er specimens
(GED); several illustrated specimens with fragile, whip-
like extensions of the caudal lobe®**" these much
longer than PCL in two examples 103 and 111 mm PCL; *
claval rays with multiple dichotomous branching
distally,>?* but lacking cross striations or articulations®

Pigmentation: In alcohol at 107-130 mm PCL dark gray

dorsally,?® light brown on the sides,® shading to milky
white on the lower two-thirds; gray spots below cyes an_d
E)ectoral fins and posteriorly above the anal ;"
ormalin at 145 mm PCL dark grayish brown jfﬂfsauﬁ'k'
becoming paler below; with indistinct irreguiv: 02
spots of darker shade on the sides, the spots more ~'l‘5tmc§
but smaller toward the ventral margin; dorsal wd a4
fins similar in color to the upper body and mary e b:
pale (color) on their posterior edges; clavus m-fukcd :
smaller spots; central process of clavus black almos
to its base.’”

AGE AND SIZE AT MATURITY

Unknown, sexual maturity established by dissrtion 11
only one example, a female 2209 mm TL.*
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107 mm PCL

B 125 mm PCL

145 mm PCL

N é% nllﬁr;? ngll'mi?;s fanceolatus, Sharptail ocean sunfish. A. Juvenile, 107 mm PCL (3[7 mm TL}. B, [uvenile,
(152 mm TL). C. Juvenile, 145 mm PCL (259 mm TL). {4, King, J. E., 1951; fiz. 1, lower fish,

delincated b ;
Ellisy ed by joan Ellis. B, Gu

LITERATURE CITED

fiaven, H. C., 1939:144, 149, pl. 2.
{:Udger, E. W., 1939:306-313.
_::udger, E W, 19372:355-388, pls. 2, 5.
;;ruatzgeni,a E. W, 1935a:1-3,

er-Brunner, A., 1951:
I}awmn, CE 1%, 885_1 90, 92, 94, 98-109.
Hojo Lucio, A., 1966:39.
{:llr:g, JEJE{} 1951:108-109.
earin, N, V. :
fabe H., 19’5(13:96408-413?‘110 (of transl.).
-_;{(-‘f;rmdt, J.. 1821b:8, 11-13, pl. 1.
i‘_)’_ er, J. A., 1886a:1027-1040, pl. 7, fig. 5.
rimley, H. H., 1939:295-296, 300.

Steenstry .
strup, ., and C. Liitken, 1898:})1. 4, figs. C-E.
.1

“udger, E. 'W., 1837b:2-8, 3742, p

18.
17.

18.
19,
20.
21.

er, E, W., 1939: fig. 5. C, Kutonema, K., 1940: fig. 2, delineated by Joan

Perugia, A., 1889:365-367.

Sokolovskaya, T. 8., and A. 8. Sckolovskiy, 1975:675~
877.

Clark, E., 1943:12.

Schmigt, J., 1926:50-81.

McCulloch, A. R., 1912:553-5558, pls. 58, 59.

Tortonese, E., 1956:974, 975, pl. 51, fig. 22.

Collett, R., 1596:163-164.

Tyler, J. C,, 1970:28-29, 83.

Gudger, E. W., 1935b:35-38,

Schmidt, J., 1921a:77-78.

Bigelow, H. B., and W. C. Schroeder, 1953:532.

Kuronuma, K., 194(27-28.

Putnam, F. W, 1871a:238.

Fitch, J. E., 1950:65.

Hubbs, C. L., and L. Giovanoli, 1931:135-136.

Hardenburg, |. D. F., 1939:122,



328

DeveEropMeNT OF Fisaes oF THE Mip-Atvantic Bicur

Fig. 170, Masturus lanceclstus, Sharptail ocean sunfish. A. Posterior skeleton of juvenile, 127 mm TL, claval
rays fully drawn along with a few posterior dorsal and anal fin rays. (4, Tyler, J. €., 1970: fig. 56, retouched.)
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Mola mola (Linnaeus), Ocean sunfish

ADULTS

P, 11-13;+02%  ¥, and C. absent; 2535  olavng ®
{pseudocaudal #-26) 12° 13 2 or possibly to 15+ (6-7
derived from dorsal fin, 6-8 from anal fin **); total
D= A (including clavus) 40-52 #1375 (X 47 4 * probably
higher); ** D. {excluding clavus) 15-20 +** (mode 18+ or
199 A, (excluding clavus) 14-18 +3% (mode 167 to
15 %); 8-9 hony ossicles at distal ends of claval ravs: males
with 8-11 distal claval notches; *** vertebrae 17 %40
15+ (8§49, JCT, 9+ 8,7 10+ 7 **}; gills 4; branchiostegals
ﬁ.?""'

Range of proportions as percent of TL: Distal tip of
dorsal fin to distal tip of anal fin 98.5*-137.0 ** (greater
in females, decreasing with increasing total length in
both sexes m18-2132.28405%) . hody depth (dorsal fin origin
to anal fin origin where stated) 50.7 *-65.0** or 77.8
inewspaper account, questionable); ' prepectoral 27.8 ¥
39.2.°¢ predorsal 51.8*-67.0;% preanal 54.0°-70.7; %
pectoral fin  length 9.2 %%-15.0;* dorsal fin height
375224430, anal fin height 34.5 "—42.0; pectoral fin
base 7.122.9.4; dorsal fin base {cxcluding clavus) 18.8
ifemale} -26.1 (male); ** anal fin base {excluding clavus)
157 (female) 2'-23.8 (malc); *** head 25.04-30.0: %
siout ca. 11.6 (female) *-#1—ca. 15.4 (male); ** cve 2.8
42 faxis wnstated), on longitudinal axis 3.6 2'-4.9%
vertical axis 3.17%%14,0; % diamcter of gill opening
30283 (axis unstated); ** width of mouth 6.8; ** hori-
ontal length of clavus 8.9 ©1-22.0.%

Bodv strongly compressed,™ ovate ** or elongate-ellipti-
@l¥ truncate bhehind, lacking a candal peduncle; ™
sentral profile subhorizontal. carinate or keel-like from
clow pectoral fin origin to just ahcad of vent?!%4®
Snout overhanging mouth,® nearlv vertical in females
but Projecting in males; ® skin of snout hardened.® often
¥ith an osseous tubercle at tip; 277 chin deeplv
ounded;  broad supraoccipital ridge extending from
mout back over eye, less pronounced ridge on cheek
tending back below pectoral fin; eye located in the
broad, shallow groove between these ridges ** near mid-
point hetween snout tip and pectoral fin base; eye ab-
bng with its major axis longitudinal and very moveable
Bits orbit, 184 with well developed nictitating mem-
Jrane; ¢ nostrils small, double, with cireular lips, located

thind 5 deep sulcus * near eyes; '* mouth very small; *
teeth of adults completely united in each jaw,*** form-
"% a bony beak without noticeable sutures; **** pre-
Paxifla without ascending processes, suturally joined to
Maxills* pot protractile; palatines immovable, tooth-
- 5% tongue broad, thick and rounded; ¢ fourth pha-
rigeal toothed; * first branchiostegal not enlarged; ** sixth
“nchiostegal noticeably smaller than the others; ***

gill rakers concealed in thick skin; * inner and outer il
apenings reduced to small slits less than one-fifth as lc;ng
as the gills; outer gill opening just ahead of pectoral fin *
but separated from it by a strip of roughened skin;
opercular bone much reduced; ® pseudobranchiae pres-
ent.'’ Pectoral fins relatively short, rounded; '* no pelvic
girdle or pelvic fins; ™ dorsal and anal fins subequal **
lacking spines,™ both fins originating about midway
between gill opening and posterior tip of clavus,' actual-
Iv confluent at end of vertebral column but divided
functionally into three fing; **%% vertical portions with
long, muscular bases that furnish power for locomotion 5+
the bases lengthening somewhat with age even in adults,
and close-set ravs almost obseured from view by thick
integument; * vertical portions set off by notches from
the mudder-like clavus,** or psendocaudal,”™ which func-
tions in steering: claval ra'}-'s slender,” lacking cross-
striations or articulations,” their distal ends branched
and hyperossified in adults into bony plates or ossicles;
the paraxial {lower dorsal and upper anal) ravs joining
distallv in a single ossicle (a feature said to distinguish
Mola mola from M. ramseyi); five median claval lobes of
larger males elongated well beyond the assicles.” Rigidity
of the body maintained by a thick, elastic, very tough cul-
lagenous hide; »™ integument of hide and fins composed
of close-set polygoual seutes (about 4 per em on cheeks of
adults), each with a mgose central spine * projecting
straight outward ca. 1 mm.* or up to 2 mm on the head
over eves; *' longitudinal folds sometimes present in
skin; "t scutes covered with a characteristic laver of
thick, persistent mucus; ' scutes arranged in rows on
dorsal and anal fins, and less noticeable in a hand of
flexion from dorsal fin origin around clavus to anal fin
origin  Adults lacking an air bladder; "-""“‘_"‘“_ske!et(m
poorly ossified, mostly cartilagenous except in jaws and
fin ravs:? also lacking tvpical teleostean otoliths. the
maculae containing instead aggregations of small. white,
rounded otoconia; ¢ ovary single.”

Pigmentation: Gray, olive gray or blackish with a 'br_n_\_,vn
cast dorsally; sides paler with silverv reflections, #3740
small round or elliptical bright spots on sides of male; **
duskv to dirty white ventrally 74372 band of flexion along
bases of median fins conspicuously darker or Iig}ltt'r thgn
surr(mnding areas in some specimens, in(_:on:;plcm}us in
others; ¥ median fins colored like adjacent part of
bodv,' blackish; © Jips and arca around nostIrdS bi_aok;
inside of mouth pinkish; teeth dirty white; ** pnpll of
eve in life black ** or dark milky blue; ** iris br()\_vnllsh or
smokey with an inner silver ring arcund pupil.th+*

Maxinium size: Claimed to reach 4000 mm; * record

- be 3327 mm (Califormial; * Mediterranean rect}r(ris o
318%)‘0 mm {Italy}; * in western Atlantic 2438 mm (North

Carolina).™*
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DISTRIBUTION AND ECOLOGY

Range: Oceanic and cosmopolitan, reaching the Gulf of
5t. Lawrence, Newfoundland, southern Iceland. northern
Norway and the Kola Peninsula in the Atlantic; the
southern Kuriles and the Gulf of Alaska in the Pacific;
in the southern hemisphere to the Cape of Good Hope
and possibiy the coast of Chile; %273 in the Mediter-
ranean Sea®* and the Culf of Mexico to Texag 4
Somewhat rarc in the tropics; '»** reported from tropical
west Africa, Ceylon, Mexico and the central Pacific®
Sporadically abundant in summer and fall inshore in
central California +°%* and Italy 2 (sightings numbering
in the hundreds for a season).

Area distribution: Scattered reports, fairly regular in oc-
currence off New Jersey,” never common in the mid-
Atlantic area, but reported even from inside Sandy Hook,
New Jersey,* % and Isle of Wight Bay, Maryland .42

Habitat and movements: Adults—known to occur in the
epipelagic zone of the oceanic environment; *** usually
seen idling at or near the surface, but a few reports of
capture with trawl °3 and baited lines 30574880 indjcate
a considerable range of depth distribution in waters up
to 3750 m deep; ** details of habitat and movements
largely conjectural; ® seasonal appearance, usually in con-
junction with coelenterates and ctenophores characteristic
of certain ocean currents 2744454852 hag been taken as
evidence that major movement is passive transport by
currents,”**** but also of active feeding migrations.?**3
Adults of Mols sp. reported to often travel in pairs,*
sometimes in groups.'®

Larvae—one of two putative Mole larvae taken in sam-
ple with an unidentified istiophorid larvae off the east
coast of Brazil,® the other in the Straits of Messina be-
tween Italy and Sicily,™ no other data.

Prejuveniles—capture data unstated or vague for most,
some from stomachs of Coryphaena or similar predatory
fishes,**** one relatively undigested in an albacore taken
on a longline at 182 m depth,” another washed aboard
a ship * was obviously near surface; Atlantic %35 and
Pacific ?*** records from outer circulation in areas of
currents, i.e., Gulf Stream and Kuroshio, not common
with Masturus and Ranzania in doldrum areas such as
Sargasso Sea.™

Juveniles——small individuals 600-900 mm TL (classified
as young adults by Fraser-Brunner *) entering Monterey
Bay, California in some numbers during summer, their
occurrence possibly correlated with large influxes of
jellyfishes; reported to swim actively at a depth of 1.8 m
or slightly less in water 7-15 m decp, occasionally to
break or even clear the surface, but not to swim at
surface with projecting dorsal ** (leaping behavior also
reported earlier *?); no data on temperature and salinity
tolerances for any stage of life cycle (GED).

DeveLopMENT OF FIsges oF THE Mip-AtLantic Bicor

SPAWNING

Location: No direct information; from distribution of
voung assumed to be in outer circulation of temperate
Atlantic ®20-#22¢50 and Pacific oceans 2* and in Mediter.
ranean Seca; ** apparently not in Sargasso Sea; ** in west.
ern Pacific south of 30° N and east of 130° E.*

Season: No direct information; prejuveniles 8-12 mm TL
taken south of Japan in March, August and September; *
Brazilian larva January or February; ® a male 1260 mm
TL taken in New Jersey in Scptember was unripe.*

Temperature and salinity: No information,

Fecundity: A female 1500 mm TIL. was estimated ty
contain no fewer than 300 million eggs; *' ovary weighed
4.5 kg in a female 2230 mm TL.”

EGGS

Location: No information.

Unfertilized eggs: Ovarian eggs, probably immature.
measured 0.42-0.45 mm in diameter.?*

Fertilized eggs: No information.

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information; * stage short in duration in most tetra:
odontiform fishes (FDM),

LARVAE

Specimens described 1.42* and 1.84 mm TL * {putativc
Mola mola larvae). Length at end of stage nol esfab—
lished, probably similar to Masturus (ca. 3 mm, GED:

At 142 mm TL globular carapace-like hide covering
body back to lewf of the anus; caudal trunk well dif
ferentiated with ca. 12 postanal myomeres; finfeld co
tinvous from the dorsal edge of carapace to the a“uf‘
somewhat constricted posteriorly; pectoral fins, d""e’{i
oped, not reaching anus, shown with 13 rays {Goubte
that the rays this distinct, GED); a suggestion of it

mid-dorsal spine as a frontal protuberance at Ve o
dorsal edge of eye; second and third mid-dorsa: SPr®

longer, differentiated; no sign of a fourth mid-dorse!

. , . oa he AN
spine; two £wed spines indicated over eyes, ’fz;" tl?:m

terior pair directed forward and somewhat longe bet-
the posterior pair; two or three mid-ventral %}thlilgﬂl‘f

ances, the anterior one directly below eve.
proportioned accurately preanal length is slightly
than postanal length.*

gyeatﬂf
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Fig. 171. Mola mols, Ocean sunfish, A. Adult female, 2250 mm TL, horizontal fold in clavus probably atypicat.

B. Adult male, 2118 mm TL. C. Putative Mola mola larva, 1.42 mm TL. D. Putative Mola mola larva, 1,84
wm TL. E. Dorssl view of same specimen. (A, Lidth de Jende, T. H, ven, 1872, pl. 8 B, Murray, J., and J.
Hijort, 1912, fig. 102, delineated by Joan Ellis. C, Aboussonen, A, 1969: fig. 10. D, Torfonese, E., 1956: fig.
828, reversed, after Sanzo, L., 1939: fig. 16, coudal region redrawn from original. E, Sanze, L., 193%: fig. 17,

redrawn by Joan Ellis)

:)taltff mm TL carapace extending somewhat posterior
g s nares formed and double; caudal trunk still dis-
atioﬁ\mm! myomeres 17; finfold continuous with stri-
anal %.ragilatmg‘ from urostyle; no evidence of domal or
ing h ‘il. onmation; pectoral fins well developed, extend-
oo t;1 ;nnd anus, with 8 rays differentiated in the dorsal
Spines (1{' ds, ca. 4 developing ventrally; threc mid-dorsal
st ;L_];ﬁerﬁ'ﬂﬂ?teq, with second and third longer than
Daire, {1 no indication of a fourth mid-dorsal spine; two
and : S;}l:‘“ﬁ over eyes, the anterior pair shown as longer
in t].“% f g th"”_l the posterior pair and evidently obscur-
Boper sorter in dorsal view; two more paired spines
fentiated ahove the level of the pectorals, one over

the pectoral origin, the second behind and slightly below
it over the anus; no paired or unpaired spines shown
below a line from mouth to urostvle. Preanal length
about cqual to postanal length.™

Pigmentation: In both specimens described dark pig-
ment is shown along dorsal side of gut:*** at 142 mm
an additional patch fignred mid-dorsally under carapace

above pectoral fin origin.®

PREJUVENILES

Specimens described 559 mm TL. End of stage mot
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1l mm TL

c 15 mm TL D 16 mm TL
Fig. 172. Mola mola, Ocean sunfish. A. Prejuvenile, 5 mm TL. B. Prejuvenile, 11 mm TL. C. Prejuvenile, 15
mm TL. D, Prejuvenile, 16 mm TL. (A, Schmidt, I, 1926, fig. 1, delineated by Joan Ellis. B, Sokolovskaya,
T. 8., and A. 8. Sokolovskiy, 1975: hg. 2g. C, Steenstrup, J., and C. Liitken, 1898: pl. 4,

. A and Schmidt, [,
1921h: pl. 1, fig. 1, reversed, redrawn by Joan Ellis. D, Fraser-Brunner, A., 1951: fig. 15b.
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ca. 20 mm TL

12.5 mm TL D E

Fig. 173. Afola molg, Ocean sunfish. A, Prejuvenile, 18 mm TL. B. Prejuvenile, 18 mm TL. C. Prejuvenile,
19.5 mm TL (length stated in Schmidt, J., 1921b). D. Anterior view of same specimen. E. Prejuvenile, ca. 20
mm TL, {A, Putnam, F. W, 1872a: fiz. 1 und 1871b: fig. 138, reversed. B, Ryder, . A, 1986 pl. &, fig. 2,
after Guenther, A., 1880. C, Poll, M., 1947- fig. 261, reversed, after Steenstrup, I, and €. Liitken, 1588, D,
Schmidt, I., 1991h: pl. 1. Ag. 2a, delineated by Jogn Ellis. E Mitchell, S. L., addendum to 1828: pl. 5, see

family introduction.) N
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A ca, 25 mm TL

D 37 om TIL

Fig. 174. Mola mola, Ocean sunfish, A. Prejuvenile, ca. 25 mm TL. B. Prejuvenile, ca. 25 mm TL. C. Prejuve-
nile, 31 mm TL. . Prejuvenile, 37 mm Ti. E. Anterior view of same specimen. (A, de Kay, J. E., 1842: fig.
179, reversed. B, Smith, J. L. B,, 1965: fig. 8. C, Tortonese, E., 1958: pl. 51, ff 20, redrawn by Joan Ellis. D,
E, Reuvens, C. L., 1894; pl. 5 and Schmidt, I, 1921b: pl. 1, fig. 3, redrawn by Joan Ellis)
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A ca.

440 mm TL D

. . . jve j ile, 366 mm
Fig. 175. Mola mola, Ocean sunfish. A. Prejuvenile, ca. 59 mm TL, 53 mm ?CL‘ B._Pu fative Juvenie, s
TE. C. Putative juvenile, 440 mm TL. D i’utative juvenile, 600 mm TL. E. Male, 750 mm TL, pmbati;dmé.
mature. (A, Koronuma, K., 1940: fig. 1. B, D, Fraser-Brunner, A., 1951: figs. 17, 18. C, Steenstrup, I., .
Liitken, 1898: pl. 8, redrawn by Joan Ellis. E, Roon, J. M., van, 1942; fig. D}

600 mm TL E 750 mm TL
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established; before 50 “ or 60 mm TL ™ greatest depth
usually execeds total length. Later spines are lost or
transformed to osseous tubercles,”™ and proportions
and development of clavas approach the adult con-
figuration, " >

At 8 mm TL (description, GEI, based on photograph,®
see family introduction for divergent interpretations)
carapace globular and spinose in lateral view; eye pro-
portionately very large, ca. 30% of TL; body truncate
behind carapace, without discernible cauda! peduncle
or caudal fin; dorsal and anal fins present, with evidence
of ossified ravs (counts not stated); all 23 numbered
spines (see family introduction for numbering system)
apparently present, 1p]us at least one unnumbered pair be-
tween spines 11 and 13; posterior three mid-dorsal spines
(2-4) and all three mid-ventral spines (5-7) about the
same length; all spines shorter than the eye diameter
{diagnostic for the species at this and larger prejuvenile
sizes).

At 11.0 mm TL {description, GED, based on illustra-
tion **) body deeper than in preceding description,
greatest depth ca, 125% of TI.; eve smaller in proportion,
ca. 23% of TL; a narrow clavus evident: dorsal and anal
fins mare widely spaced; pectoral fin base located behind
midpoint of body; all nambered spines present plus an
untumbered spine hetween spines 11 and 13, a second
below it, and a third below spine 11; anterodorsal eye
spine 17 about same size as posterodorsal eye spine
(no. 19) (also species diagnostic at this and larger
prejuvenile sizes).

At 15 mm TL (description, GED, based on illustration *
and photograph** of same specimen) mouthparts have
formed the characteristic beak; distance from tip of dor-
sal fin to tip of anal fin almost equal to greatest depth
of body; spines somewhat shorter in proportion than in
preceding figure; number and placement of spines essen-
tially identical to the preceding figure. No significant
differences evident at 16 mm TL (GED, based on illus-
tration ?); only two unnumbered spines figured.

At 18 mm TL (based on two early illustrations 2%} and
19.5 mm TL (based on illustration * and photograph *° of
same specimen) the eve still smaller in proportion, 10-12%
of TL; the mouth also smaller; unnumbered spines in
figures vary from none to two (GED).

Figures at ca. 20* and ca. 25 mm TL" are included
mainly for historical interest; they appear reasonably
accurate for their time, Smith’s figure at ca. 25 mm TL
omits several lateral spines and includes five mid-ventral
spines, two more than any other figure.

At 31 mm TL * and 37 mm TL {description, GED, based
on illustration ** and photograph?® of same specimen)
greatest depth has decreased to 113-114% of TL; eve
diameter to 8-10% of TL; distance from tip of dorsal fin
to tip of anal fin has increased to 112-122% of TL; pec-
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toral fin base now located at about midpoint of toty
length. Both illustrations indicate the development of
integumentary scutes. The 37 mm TL specimen cxhibit
a median suture between the upper jaw halves; ™
40 mm TL specimen was reported to possess median
sutures in both upper and lower jaws.®

At ca. 59 mm TL (from scale in figure, also stated to
measure 53 mm PCL) greatest depth ca. 117.8% of TL;
tip of dorsal fin to tip of anal fin ca. 126% of TL; max-
mum body width (behind eye) ca. 22% of TL. Meristics;
P. 11; total D.+ A. 53; D. (excluding clavus) 19; A. fex-
cluding clavus) 17. Skin smooth to the touch, but dorsl
and ventral edges scrrate, the ventral edge more strongl
so; remnants of larval spines (figured as small spincs but
described as scars), 3 on dorsal midline, 2 on ventral
midline, and 7 lateral, with 3 above pectoral and 4 be-
low pectoral in oblique series; clavus fleshy but very
thin, clearly demarked from body, body wedge-shaped
in both anterior and dorsal view; oval shape of left eye
stated to be a preservation artifact.’®

Fig. 176. Mola mola, Ocean sunfish, A, Posterior skeleh;ll ‘Uf 1:;
tative juvenile 305 or 310 mm TL, only positions of <i&¥ I C
bases indicated, L.C. is last vertebral centrum. {4, Tykn /.

1970: fig. 55.)



Pigmentation: Skin silvery at ca. 18 mm TL; *** olive
brown dorsally and silver white on the sides and belly
at ca. 20 mm TL; ™ in alcobol brownish above, silver
below the level of the pectoral fins, with round dark
spots, more or Jess distinet on the posterior part, at
3l mm TL; > coloxs faded in alcohol but grayish dorsally,
colorless on abdomen and fins at 53 mm PCL.™

JUVENILES

Size range: Not established. Size range of described
specimens provisionally classified as juveniles: 305-
750 mm TL.

Most obvicus difference between illustrated exam-
ples +** and prejuveniles is a posterior shift of the
deepest part of body from the level of the pectoral fin
origin to the level of the dorsal fin origin, Body profile
in this size range more nearly circular than that of larger
examples, greatest depth 58 *-87% of TL ™ (X 66.3 for a
sample of 16 +%3); distance from tip of dorsal fin to tip
of anal fin also greater in propertion to total length,
131 +-153% of TL ** (x 144.7 in same sample).

At 366 mm TL bony ossicles figured as distal small
buttons at end of claval rays.® these not mentioned for
35 mm or 310 mm PCL examples, whose rays were
stated to branch in a single dichotomy distally.* Ex-
ample at 750 mm TL the smallest exhibiting scalloped
daval margin and elongated snout typical of larger
males; this specimen, identified as a male, had pro-
munced ridges above and below eye, a very deep body
greatest depth 86.7% of TL), and high median fins (dis-
tance from tip of dorsal to tip of anal 153% of TL), or,
“nversely, an unusually short body.®

Pigmentation: Becoming progressively more uniform,
with loss of bright silver ventrally and spots and hrown
\-rariegaﬁons_lz.ao

Fjg' 177, Mola mola, Ocean sunfish. Details of third mid-dorsal
Te of o 14 mm TL prejuvenile (USNM 217452). (Original
wing by Joan Eftis.)
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GROWTH

No information.

AGE AND SIZE AT MATURITY

No information on age. Sexual maturity reported for only
a few animals, i.e., a male 1194 mm TL,* females 1372°
and 2230 mm TL;* Fraser-Brunner's undocumented
designation of specimens less than 1000 mm as adult*®
questioned (GED).
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FAMILY BATRACHOIDIDAE

The toadfishes and midshipmen are bottom dwelling fishes primarily near-
shore in tropical and temperate watcrs. They are distinguished by having large
heads, wide mouths, 24 dorsal spines, long soft dorsal and anal fin bases and
broad pectoral fins. Breder and Rosen (1968) indicatc that all batrachoidids for
which the eggs and spawning habits have been described have demersal eggs
which the fish attach to the underside of projecting objects and which are cared
for by the male parent.

Batrachoidids do not appear to have a pelagic stage and, therefore, their
movements are restricted mostly to the bottom. Distribution patterns are probably

atly effected by this fact. Despite the short distance between mainland Florida
and Little Bahama Bank {about 70 km), Opsanus tau from Florida has apparently
not become established in the Bahamas (Bohlke and Chaplin. 1968). While there
is a possibility that the reasons for this phenomenon are unrelated to motility, the
tropical batrachoidids are conspicuous in their absence from, or rarity within, the
Waest Indies.

The use of the name Porichthys plectrodon, Jordan and Gilbert, here follows
Gilbert and Kelso (1971), supporting the observations of Fitch and Brownell
(1971), except that Jordan and Gilbert are credited as the authors instead of
Goode and Bean (see synonymy in Hubbs and Schultz, 1839).
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Opsanus tau (Linnaeus), Oyster toadfish

ADULTS

D‘ (II 33) 1[1_24 222 to 28; 27.28 A. 20 !1!!___23 24 or 241 2.2y
C 24+7+7+2;% P, 19-21;* V. 1, 2 or 3;* scale-
less; 221327 vertebrae 11+ 23 *#-24=34-35; ** gill rakers
11 fleshy tubercles; * teeth blunt, conical * in a single
row on jaws, vomer and palatines; **** branchiostegals 6.

Body proportions as percent TL: Head length 32.8-37.7; **
depth 20°°-28.2.  Proportions as percent HL: snout
20.0-25.8; eye 20.2-29.0; interorbital width 7.8-15.3;*
mouth width 7(.0.2¢

Body robust,”*" anteriorly depressed, posteriorly com-
pressed; ** head large, flat with rounded snout; ** maxil-
lary reaching well behind eye.® Lateral line obscure, 2%
bifurcate in vicinity of pectoral girdle, dorsal branch
backward below the hase of dorsal fin, ventral branch
above base of anal.’* First dorsal fin inserted at back
of head; deep notch between dorsal fins;*® sccond
dorsal fin long, of about uniform height; ** caudal fin
rounded; %% ana] fin inserted under 8th dorsal ray?*
long, distal ends of rays more or less frec; ** pelvic fins
jugular; *»** pectoral fin broad, fan-shaped.** Numerous
Haps or cirri on head.**** Opercle with 2 concealcd
spines,***? subopercle with 1 stiff spine above which is a
long, thin, flexible spine, not apparent without dissection.*®

Pigmentation: Some ability to alter coloration." %4
Back, sides and head greenish, brownish 2% or yellow-
ish; +#5¢  blackish 2% or brownish reticulations or
mottlings; ** belly and underside of head vellowish; nu-
merous small, pale vellowish or whitish spots on sides; **
darker markings variable, occasionally restricted to head
and fins or may sometimes even be on belly; ** soft dorsal
and anal fins with 5-9 irregular black bands, caudal, pec-
toral and pelvic fins with 5-7 similar but more sharply-
defined cross bands.*?

Maximum length: Reported to reach 381 mm 2424748 hut
largest measured specimen 388 mm.** Very few longer
than about 305 mm.*¢

DISTRIBUTION AND ECOLOGY

Range: Massachusetts to Cape Sable, Florida, some inter-
gradation with O, beta in Biscayne Bay region;* 2
records north of Cape Cod.*

Area distribution: Throughout Chesapeake Bay except
fresher waters *2%7 and Atlantic coasts of Virginia,*
Maryland,"** Delaware '*' and New Jersey.?*

Habitat and movements: Adults—oyster reefs,?**® around
rocks, 22273883 gguatic vegetation 820272831 or around
sunken debris,’? most common where bottom sandy or

muddy; * found mostly in lower and middle region of
estuary; * migrate into deeper water to overwinter *+
but may be found as shallow as 3 m in winter; * alsy
move into deeper, cooler water when water temperature
goes above 30 C; females move into Zostera or Ruppi
beds, where available, after spawning; tagged individ-
uals have exhibited movement up to 9 km; ** found in
salinities from 0''-34.2 ppt; ** reported to stop feeding
at 44 C* and taken from temperatures up to 32 G;*
typically nearshore *' in shoal waters.?¢

Larvae—volk-sac larvae remain attached to substrate of
nest site until yolk absorbed, cared for by male parent; >**
found in upper estuary of Mystic River; '™ in coves or
along grassy shores in June or July.™

Juveniles—among debris over mud or silt bottoms. an
ovster beds in winter; * found in salinities of 13-28 ppt
and temperatures of 15-23 C; *' collected only in bottom
tows.?

SPAWNING

Location: In cavities among shells or rocks, often in ti
cans, broken bottles or other artificial sites near human
habitats.2-3

Season: In Chesapeake Bay region April to July® or
August,’®* around Waods Hole, Massachusetts, May® of
June to July; ?* season may be split into two parts.”

Temperature: About 17.5-27 C or higher,* 17 C thought
to be about the minimum.®

Fecundity: Usually fewer than 200 eggs in a clutc L
no other information.

EGGS

Location: Middle and lower estuary *¢ in nests, df‘-‘POSiteq
on underside of some projecting object,! guarded b
male,?+ rarely by female.> Usually attached in aggregs®

' ki1
of a single layer 1>** but occasionally there are 2 layers.

Fertilized egg: S[.lvherica] but flattened at side of attach:[
ment; * micropyle more or less apposite attachmed!
site; %% diameter about 5 mm 23818181720 fo . 5-"],
golden ° or dirty yellow; 1> adheres to natural or artificial
substrates,? attached by a discoidal area abou! 133;“”;
diameter; **>** yolk homogeneous; no oil droplets 770
several (yellowish) in region of micropyle.™

EGG DEVELOPMENT

‘ t
Blastodisc develops at lower pole (away from attachme?

site).’*® At about 27 C blastodisc distinct after 3 hours:
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A 2 Length Unstated

5.1 mm

E

Fig, 178. Opsanus tay, Qyster toadfish. A. Adult, length unstated. B. Egg,. ca. 4.6 mm, veniral view in relation
notch formed. C. Egy, ca. 4.6 mm, blas-

t deposition, blastoderm covering sbout 1/5 of yolk surface, posterior

erm covering about 1/4 of yolk surfsce. D, Egg, diameter unstated, latoral view, blastoderm covering about
1/2 of yolk surface. E. Egg, ca. 4.9 mm, near closure of blastopore, germ ring noteh obvious, adhesive disc
shown. F. Egg, diameter 5.3 mm, embryo 5.1 mm, (A, Bigelow, H. B., and W. C. Schroeder, 1853: fig. 274. B,
C, E, Wallace, L. B., 1899: plate 1. D, Ryder, I. A., 1856: fig. 4. F, Dovel, W., 1960: fig. 1)
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at about 5 hours two-cell stage reached and at about 6
hours four-cell stage reached.' All other information
lacking temperature data. Blastodisc never high; em-
bryonic axis established at 48-6() hours ** or on 4th or
5th day.'?

Tracy series: ¢

1st stage, fertilization to formation of lst somite—
duration 5-6 days, neurulation occurs late in this stage.

2nd stage, 1 somite to 11 somites—duration 2 or 3
days, age 7 or 8 days at end of stage: at 4 somites optic
vesicle formed and expanding posteriorly; at 6 somites
optic stalk differentiated; brain differentiating into major
portions; 8-8 sumites, otic vesicle recognizable; 11 or 12
somites olfactory placode visible.

3rd stage, 12 somites to 17 somites; or beginning of
heart beat to earliest somite contraction—duration 2 to 3
days, age 8-9 days at end of stage, length 276 mm at
end of stage; lens vesicle begins invagination; brain
major divisions well differentiated: vascular system
develops.

4th stage, 18 somites to 30 somites or period of
development of contractability of the somites of the
trunk—duration 2 davs, age 9-11 days at end of stage,
Iength 4 mm at end of stage; carliest contraction of
embrya at 17-19 somites; tail free; incurrent nare be-
ginning formation; pectoral fin bud next to anterior 4
or D somites.

Sth stage, 31 somites to beginning of respiratory
movement—duration 8 days, age 17 days at end of
stage, 6 mm at end of stage; body able to make coordi-
nated “C” or “S” coils; swim bladder begins as a
diverticulum; pelvic bud appears as a thick ridge behind
pectoral fin.

6th stage, respiratory movement to hatching—head
becomes separated from yolk; head and anterior part of
body lengthen, fins and opercular opening become sepa-
rated; pectoral fin becomes closely related to branchial
apparatus; pelvic fin reaches gular position anterior to
pectoral fin.*

Incidental observations during embrvogenesis are that
the embryonic ring has a notch at a distance posterior
to the forming embryo, this notch being present almost to
blastopore closure; *3* yolk circulation is established prior
to blastopore closure and tail remains attached to yolk
sac prior to blastopore closure.®

Incubation period: 5-12 days at an unstated temperature *
to 3 weeks at about 20 C.*

YOLK-SAC LARVAE

Hatch at 8 mm,* 7 mm?® or 7.4 mm. Yolk absorbed at
about 480 hours after hatching ' at a length of 16 to 18
mm TL.: End of stage arbitrarily defined as time of
release from substrate which coccurs near the time of
yolk absorption (FDM).
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D, I1I-25 {(adult complement) at 10.88 mm TL, 111-26 4
12.62 mm TL; A. 21 (adult complement) at 10.88 my
TL, 22 at 1262 mun TL; C. 14 (adult complement of
primary rays) at 10.58 mm TL, 15 at 13.20 mm TL, 16 4t
16.28 mm TL, probably 18 {adult complement of pri-
marics plus procurrents) at 18 mm TL; myomeres 12
(countable) 4- 31 4- {countable); vertebrae not countable
not visible anterior to pectoral fin.? '

Head length 25.1-33.1% TL, increasing with length; eve
length 7.6-9.0% TL; greatest depth 112.5-21.7% TL de.
creasing with length; snout to vent length 44.9-32.3% TI,
decreasing with length.*

Body form similar to adults well before yolk absorption
complete; '* cirri under mouth forming at 13.7 mm Tl
Yolk mass shifts forward and upward at 12.4 mm TL:
becomes constricted during absorption.?*#¢ Mouth rud:-
mentary at hatching, developed at 8.2 mm TL (24 hours
after hatching),” or opens within 2-3 days after hatch-
ing; * Meckel's cartilage and ptervgoquadrate discernible
at hatching.® Eye transparent at hatching,? with choroid
fissure visible, begins movement at 9.3 mm,® character-
istic St. Andrew’s cross color pattern in iris at 137 mm
(163 hours after hatching). Lateral line well developed
by 13 mm TL.15-#

All median fins developing well by 10.8 mm TL (72
hours after hatching), complete by 137 mm TL {164
hours after hatching); paired fins present as buds at
hatching, rays developing at 10.8 mm TL,? pelvic begins
behind pectoral later moving anterior to it.>*"

Heart moves dorsad from surface of volk ta a position
near body at 82 mm TL (24 hours after hatching.
changes from vertical to more or less horizontal at 91
mm TL (48 hours after hatching), behind branchiosteg!
rays and no longer visible at 10.8 mm TL (72 hours ;}fter
hatching).? Gas bladder heart-shaped, partially divided
into anterior and posterior chambers at 17.5 mm TL:

Pigmentation: At hatching usually transparent® only 2
few very small punctate spots and in the iris” At 34
hours after hatching (82 mm) body opaque. 2 thin
scattering of melanophores. At 98 hours after lmfchmg
(124 mm TL) dispersed accumulation of melanophore
beginning to form a pattern.? Pattern first appesrs @ 7
faint bands of grayish color, one at caudal base. 80
across median portion of tail, later 4th band appear B.
region of spinous dorsal and the twe bands on the t‘"‘;

extend onte dorsal and anal fins.** Older specimon® v-}l“
a quantity of light orange pigment giving a genci il 0 o
of light buff mottled and crossed with black bauds.

Iris coloration distinct. At 9.5 mm TL black um?:l*rfleaﬂt
covered with a bluish gray filmy material, inne? Etg‘
black with faint copper tint; black pigment conmlrtra ¢ :
in certain regions so that there are 2 darker i't"‘jj{Tf’Us _
posterior hal%1 and one large dark area in antc-:mr} :S _
At 17 mm TL 4 pigment bands arranged in & St Angre¥s
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4.4 mm TL, about 24 hours after hatching. B. Yolk-

Fig. 179. Opsanus tau, Oyster toadfish. A. Yolk-sac larva,
ated from illustration. Yolk-sac shape guestionable.

sac larva, cu. 5.6 mm TL. This length may be in error, estim
(A, Dovel, W., 1960: fig. 2. B, Ryder, J. A., 1886: fig. 2)
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Fig. 180. Opsanus tau, Oyster toadfish. A. Yolk-sac larva, 5.8 mm TL: see Fig. 179 for lateral view. B. Yolk-
sac iarva, 8.2 mm TL, about 48 hours after hatching. (A, Ryder, J. A., 1686: fig. 3. B, Dovel, W., 1560 fig. 8.



Fig. 181 Opsanus tay, Oyster toadfish.

Batrachoid idoe—toadfishes

A. Yolk-sac larva, 8.1 mm TL, about 92 hours after hatching. B, Yolk-

sac larva, 10.8 mm TL, ahout 7 days after hatching. (A, B, Dovel, W., 1960: figs. 4, 5.)

7
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Fig. 182. Opsannus tau, Oyster toadfish. A, Irds of yolk-sac larva
9.5 mm TL, showing pigmentation and choroid notch. B. Iris of
yolk-sac larva 17 mm TL showing distinctive pigmentation. (4,
B, Tracy, H. C., 1926: plate 1)

cross, each black band with a lighter area in middle due
to lack of pigment; area between bands appear like a
thick-meshed blue veil with underlying black showing
through; light orange pigment spots scattered over
superficial tissue of eye.?

EARVAE

Juvenile stage obtained by time of yolk absorption and
release from substrate, therefore no larvae definable for
this species.

JUVENILES

Become free-swimming between 16 and 18 mm TL, adult
fin ray complement hy 18 mm TL.:*

Body form essentially that of a small adult by time of
yolk absorption.

Pigmentation: Smaller specimens with light orange pig-
ment giving a general color of light buff mottled and
crossed with black bands. Larger specimens from grass
beds with a decided greenish tinge.?

GROWTH

Males grow faster than females during the first year; from
the 2nd to the 6th years females display greater annual
growth increments, males during this period less than 20
mm TL/year, females more than 20 mm TL/year.’

AGE AND SIZE AT MATURITY

Mature at 3-4 years.”” Smallest female with discernable

DevELoyMENT oF FisHEs oF THE Mm-ATLANTIC BIGHT

egg development 106 mm TL,* smallest ripe female
146 mm TL; ** males showing spermatogenesis by 146
mm TL * or 152 mm TL.**
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& da after hatdling, y()]k sac
_sac Jarva, 124 mm TL, gbnut  days ;
Fi_g' 183. Opsanus tau, OYsteIr toadf:h.s ﬂo%kusnlingt; D24 o fro.[n 1!lustrat10[5 s $ mweslz?rkg)flzs?
:’?Df::l'(}cf:éw aéd‘Yn?li: ::lk f:?::a,agﬁ ml‘n TL, about 11 days after batching. (A, C, Dovel, W, ;

B, Ryder, J. A, 1856: fig. 1.}
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D | 16.4 mm TL

Fig. 184. Opsanus taw, Oyster toadfish. A, Yolk-sac larva, 1538 mm TL, ghout 12 1/4 days sfter hatching. B.
Yolk-sac larva, 17 mm TL. C. Yolk-sac larva, 15.5 mm TL, about 14 3/4 days after hatching. D. Yo]k-sac%ﬂ.rva,
16.4 mm TL, about 16 2/3 days after hatching. (A, C, D, Dovel, W., 1960: figs. 8, 5, 10. B, Tracy, H. C.,
1926: plate 3.)
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Fig. 185. Opsanus tou, Oyster toadfish. A. Yolk-sac larve, 17.} mm TL, about 20 days after hatching. B. Yolk-
sac larva, dormsal view of );&s C. Juvenile, 20 mm TL. (A, B, Dovel, W, 1960: figs. 11, 12. C, Tracy, H. C.,
1928: plate 2}
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Porichthys plectrodon Jordan and Gilbert, Atlantic midshipman

ADULTS

D. 11, 33-39, made I, 36; ¢ A, 31-37, mode 33; ¢ C. 13
principal rays (8 dorsal, 7 ventral), total elements 15;
P. 1519, modes 17, 18; ' V., I, 2; vertebrae 4147, mode
44; gill rakers 10-17, mode 13; branchiostegals 8; no
scales ?

Proportions as percent of head length: Head width 66;
head depth 44; maxillary 57; pectoral fin length 63; pel-
vic fin length 37; soft dorsal height 33; anal fin height
30.° As percent of SL: Head length 26-31; pre-first dor-
sal length 25-30; pre-second dorsal length 31-37; first
dorsal origin to caudal base 63-76; prepelvic length 15—
22; preanal length 38—47; orbital diameter 4-7.2

Body elongate, tapering, compressed posteriorly; head
depressed, frontal region forming a triangular area be-
low level of temporal region, its median ridges very low:
subaperculum poorly developed and spineless; opercu-
lum with a grooved poison spine; gill opening extending
obliquely downward from upper pectoral edge to below
and just behind pelvic fin insertion; no frenum; lower
jaw projecting; maxillary extending beyond eye; pre-
magillary non-protractile.” Teeth in a single series on
jaws, vomer and palatines; © premaxillary teeth directed
forward in most adult males; **¢ and in about 3% of
females; * lower jaw teeth hooked backward and inward;

alatine teeth 4 or 5, strong,® confined to front part of
bone,* and directed forward in both sexes,®® Soft dorsal
fin long and low, from midway above pectoral base to
caudal base, not adnate to caudal; anal fin long and low,
without spines, not adnate to candal; pectoral fin broad,
pointed bluntly, extending back to dorsal ray 6-8. Four
lateral lines {with cirri}) on head and body; ? pleural Iat-
eral line continued to end of anal fin®* Photophores
(termed pores in older records) present in rows; ca. 25
(21-30) on mandibles, 40 (34-47) on branchiostegals, 40
(32-49) on gular region, 35 (30—41) on gastric region, 38-
41 (31-46) in ventral region, and 36 {30—40) in anal
region; branchiostegal photophore series having a forward-

A Adult

directed, U-shaped commissure at its apex.”

Pigmentation: Small to medium sized brown to black
spots on dorsal fin and upper part of head and bady, the
spots showing considerable geographic variation with re-
gard to number and distinetness; background color of
body varying from very pale to very dark; belly often
golden in life, Pectoral fins with faint dark spots, the
lower rays slightly grayish; anal fin edged with black;
upper two-thirds of dorsal fin with spots, usually in two
horizontal rows running length of fin; fin spats somewhat
variable in shape, pumber and distribution, but those in
lower row generally longer and more oblong in shape
(about twice as long as those in upper row), their hori-
zontal length equal to distance between fin rays; in some
cases the fin spots are not at all confluent, whereas v
extreme cases those in Iower row are joined in such 4
way as to form a line of pigment running length of fin;
spots on upper part of body encroaching slightly on
lower part of dorsal fin in nine to eleven places; caudal
fin dark near base, bordered by a wide, pale area, and
becoming progressively darker toward tip; dark pigment
distributed over most of lower jaw, in no particular pat-
tern; underside of body and head either dusky or not,
depending on environmental conditions.?

Maximum length: 218 mm SL in U.S. waters, 315 mm
SL in South American waters,”

DISTRIBUTION AND ECOLOGY

Range: Atlantic continental waters from Cape Henry,
Virginia ? to central Brazil ®

Area distribution: Cape Henry, Virginia.

Habitat and movements: Adults—bottom dwellers, bur
rowing in the substrate during daylight and normally
emerging at night to feed, not emerging during cold
weather, Largest populations over mud bottons, bt
present in lower density over sand, choosing mud ©

Fig, 186, Porichthys plectrodon, Atlantic midshipman. A. Adult, length unstated. (4, Lane, E. D., 1967: Frontis-

piece.}



preterence to sand substrate in laboratory tests.! Occur-
ring at salinities above 10 ppt* Not taken in surf zone.
most common at moderate depths (3-35 m),"-" rare below
53 m in Texas,® but reported from 256 m in Caribbean.®
Most common in ship channels in Texas bays, entering,
fram the Gulf, as ripening adults mainly in the spring,
but with a few overwintering in the bays, and a small
?roup entering from May through August. Almost all
emales and many males believed to die after first
spawning, some males thought to winter in the Gulf and
return & second year.!

Larvae—not studied in this species. Yolk-sac larvae pos-
sibly attached to underside of stones or shells as reported
for Pacific members of the genus, >

Juveniles—depth and substrate preferences not indicated
to differ from adults, possibly favoring shallower depths
(GED), bay hatched young enter the Gulf of Mexico
between early May and late October, with the peak
migration in June and July. Somc young winter in the
bays. Gulf-spawned young remain for the most part all
vear, but a few enter the bays in the fall and leave during
the next summer.’

SPAWNING

Location: In Texas, bay-spawning and Gulf-spawning
populations partly separable by meristics and spawning
season, but evidence of some exchange of individuals
between populations. Sunken oyster reefs cited as likelv
bay spawning areas but evidence inconclusive. Gulf
adults collected during spawning season at water depths
of 137, 21.9, 27.4 and 45.7 m; ripe and recently spent
individuals more than 80% of sample at 27.9 m and less
than 5% at any other depth.’

Season: Only established for Texas, where major spawn-
ing peak in bays April-May, a minor peak August—early
September, in Gulf one peak in late September-October,
little spawning activity at times other than peaks.'”

SPawning time: Unknown. Possibly at night involving
bicluminescent photophore displays and courtship sounds
(GED, see Crane, 1965 on P. notatus *).

SPaWning temperature: Spring spawning peak in Texas
bays when water temperatures approach 25 C, fall Gulf
Spawning peak when waters there approach 25 C, late
summer peak in bays {of minor importance) at 26-30 C.!

Fecundity: Ovarian egg count in 92-139 mm SL females
ranged from ca. 85 to ca. 310, mean count 140.5 in sample
of 67 adult females. Logarithm {hase 10) of egg count
<. 1.0847 plus 0.00968 times SL in mm, with a correlation
corfficient (r) of 0.836 for the regression.’
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EGGS

Description: Average diameter of ripe ovarian eggs 3.5 -
3.8 mrn,"® range to 4.0 mm or “up to 5 mm.”?

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No infoermation.

LARVAE

Because fin rays arc complete before volk absorption, the
larval stage, as defined in this series, is not present.”

JUVENILES

Similar to adults in morphology and pigmentation.’

GROWTH

Growth essentially linear from 37 mm SL (typical size
in June) to 110 mm SL (tvpical size in February), given
by equation SL=21.038 plus 7.767 times the agc in
menths.’

AGE AND SIZE AT MATURITY

Females 92-139 mm SL, mean 110 mm SL; males 80-156
mm SL (larger range probably includes 2 year olds); age
one vear in both sexes.’
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FAMILY LOPHIIDAE

This family, the angler fishes, has recently been listed to contain 22 species
divided among four genera {Caruso, 1975). Distribution was described bv
le Danois (1974); it is generally world-widc and includes a wide range of water
depths, with some tendency to favor greater depths in the warmer latitudes
{Goode and Bean, 1895).

Lophiids are pediculate fishes, an order whose members have arm-like paired
fins supported by elongate actinosts which actually function in lecomotion on
the ocean floor. The family is distinguished from other pediculates by a large,
wide, depressed head; exceedingly large mouth with a projecting lower jaw,
tapering body; smooth, soft skin; no gill rakers; a comparatively large gill open-
ing behind and somewhat below the axil of the pectoral fins; and three dorsal
spines on the head with three smaller ones behind the head (Goode and Bean,
1885; Regan, 1812; Jordan and Evermann, 18686-1300).

Larvae of the American species of Lophius, L. americanus Valenciennes, are
more easily distinguished from those of the European L. piscatorins Linnaeus
than are the adults, using characteristic differences in pigmentation (Téning,
1923). Taning, after studying early developmental stages, considered the two
species as distinct at a time when many authors regarded them as synonymous,
Taning alsc pointed out similarities between L. americanus and L. budegassa of
the Mediterranean, whose development has been described by Padoa (1956) and
earlier workers. A popular account of the American angler by Gill (1905) con-
tains interesting mnatural history information, including a credit to the Greek
philosopher Aristotle for brief mention of the egg raft of Lophius.
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Lophius americanus Valenciennes, Goosefish

ADULTS

D. VI-11-12 (JHC); A. 9-10; *® P. 25-28 {x=26.1) (JHC);
V. 1, 5 % C. 8§ vertebrae 28; ° no scales,’ or gill rakers; *
gill arches 4, gills on first 3 only (JHC): branchiostegals
6; * jaw teeth in 1-3 ' or 4 ** rows; humeral spines with
3 unequal points; preorbital mucous pores in supraorbital
canal 12-15; jugo-malar line zig-zagged slightly from
near palatine spines to branchiostegal line™

Proportions as percent SL: Head length 31.3-35.6; 1st
D. spine length 19.5-25.9; 2nd D. spine length 13.5-27.7;
3rd D. spine 3.2-9.7. Proportions as percent HL: head
width 49.0-57.7; head depth 66.5-74.5; snout width
23.7-27.5; snout length 52.5-59.4 (JHC). Eye ca. 10 in
head,** ca. 5 in interorbital space.”® Conventional mea-
surements unsatisfactory because of mobile suspensorium,
lack of bony orbits, etc.™

Head and body much depressed; head wider than trunk;
trunk tapering rapidly, giving a tadpole-like appearance.
Mouth very wide, lower jaw projecting far beyond upper
so lower teeth cxposed, cven with mouth closed.”” Jaw
teeth large, conic, uneven in length, backwardly directed
and very sharp.™** Strong tecth on vomer and pala-
tines; ** 3 patches of upper pharyngeal teeth (JHC). No
gill covers, membrane united across isthmus, gill open-
ings behind pectorals in lower axil of fin* Olfactory
organs flattened, stalked bulbs lateral to illicial pterygio-
phore, somewhat larger in males than in females.*
Pectorals rounded, their bases constricted and arm-like,
supported by 2 radials; pectoral membrane strong and
covered with heavy skin; posterior rays strengthened and
turned under, forming a scoop. Pelvics also with heavy
skin; articulated for mobility in all directions; located on
lower surface of head, well ahcad of pectorals; first pelvic
ray closely joined with second, giving external appear-
ance of 5 rather than 6 rays.”® First dorsal spine (illicial
bone} with expanded tip (esca} formin&l a lure for prey,
depressible, directly overhanging mouth when erected *
reaching past base of third spine when depressed; ==
second spine usually slightly longer than first, also
depressible, with projecting fringes that obscure its out-
line; located ahead of eves; third spine shorter, behind
eyes, its base embedded in the flesh; second and third
spines with small triangular membranes at bases; spines
IV-VI still shorter, delicate, connected by membrane.
Soft dorsal with highest rays in middle, roughly tri-
angular. Anal fin similar to soft dorsal, opposing it but
very slightly behind it."** Caudal margin straight, fin
broom-shaped.*® Flesh and skin soft, skin smooth and
secreting copius tough tenacious mucus if animal is
handled; ** muco-lateralis system extensive but obscure.®
Branched, fleshy fringes present along margin of mandi-
ble and head back to pectorals, scattered on pectorals,

and continuing in a double row back along flanks t;
caudal Pfldl.lnc]e_ﬁ.?.ls

Pigmentation: Color variegated above, principally light
and dark brown; underparts white to dusky; * pectoral,
dorsal and caudal fins colored like body, but with edge,
dark; '* anal tinted with brownish; ** pelvies reddish:

Maximum size: Usually stated as 1200 mm TL, weight
2327 kg, 1016

DISTRIBUTION AND ECOLOGY

Range: Western Atlantic along the eastern coast of North
America from the northern Gulf of St. Lawrence to Cape
Hatteras; '*'" ' less common to about Cape Canaveral in
Florida (JHC). Similar, but distinet (JHC) form(s} i
deep tropical waters off Barbados, on the Yucatan
Banks '* and off Cape Frio, Brazil.**** Long considered
identical to L. piscaforius of the eastern Atlantic, which
ranges from the Faroes and Norway to Cape Blanc in
west Africa,'* but suggested to be closer to L. buide-
gassa of the Mediterranean and L. vaillanti of the Azores
and west Africa. =

Area distribution: Fairly common on the centinental
shelf throughout the Mid-Atlantic Bight,»#2e Fall,
winter and carly spring records in lower Delaware, Tsle
of Wight and Chesapeake Bays.**®

Habitat and movements: Adults—sluggish, bottom-
associated fishes occupying a great range of depths dm\-_'n
to 6688 m."™ %233 Individuals present in shallow water In
spring and fal}, alﬁaarenﬂy retiring to deeper water in
both very warm and very cold weather; ** taken in trawls
from deeper parts of the bays in winter,"” but concen-
trated between 180 and 255 m; ¥ some evidence fh?t
south of Cape Cod it retreats to deeper water offshore in
summer.***  Canadian temperature range 0-10 < in
winter, concentrated at 3-8 C, 0-12 C in sumnmer. oo
centrated at 5-@ C." Reported sometimes to bask near
the surface * and to capture waterfowl at the surfase”

Yolk-sac larvae—found in a mucous veil from surface 1
depths of 15 m.” In aquaria float yolk uppermost after
emerging until about 5 days post-hatching.’**

Larvae—found from surface down to 25 m in Labador
Current.? Sixth day post-hatching, in aquaria, swar hed
downwards concentrating about 8 em below the snriace
next day moving downwards but beginning to die.’

e

Prejuveniles—scattered evidence that a specialized. g
what laterally compressed pelagic stage lasts t© w——ﬁ‘
mm TL.'** A 52 mm TL specimen reported trum dd‘
floating mat of Fucus swam with head at surface. Dot
inclined downward at a slight angle."
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Length unstated

Length unstated

Fig. 187. Lophius americanus, Cooselish. A, Adult, dorsolaterul view. B. Adult, ventral view. (A, Leim, A. iH.,

and W. B, Scott, 1966: 421. B, Goode, G. B., and T. H.

]llveni]es-_larger than ca. 65 mm TL taken in bottom
trawls, but rarely.!*** Habitat and movements poorly
known (GED).

SPAWNING

;-Jt(l?‘-’._?aﬁon: No eyewitness accounts of spawning in liter-
ool Eggs with {oun embryos taken from inshore to
Re of continental shelf.1..10.28

i{?j\’&’m::g season: June to September in Canadian

Riop s oo SEported April to June or July in Mid-Atlantic

un%'?t' **1 to September in Maine,® and probably

(G[?;D?t least October from Delaware to Long Island

NM based on probable age of larvae collected by
'FS at station C-7 0,

Time- Su .
‘¢ Suggested to be early morning’ (from stage of
®88s taken in afternoon, CE!%:). 8 8

Bean, 1896: pl. 118, fig. 400b.)

Temperature: At actual spawning site unknown, Young
eggs at §-14 C 1%

Fecundity: Ca. 1,300,000 eggs in collected egg mass,™
ca. 543,000 ovarian cggs in 660 mm specimen.®

EGGS

Location: Eggs embedded in a continuous, ribbon-like
sheet of gelatinous mucus 0.15-1.5 m wide and 6-12 m
long. Ome or two, sometimes three eggs each in roughly
hexagonal, liquid-filled chambers arranged in a single
irregular layer within the mucus.”'*" Diameter of
chambers approximately twice egg diameter.”® Mucous
sheets, termed “veils,” somewhat lighter than sea-
water,”** often found floating but reported from deeper
in the water column, suggesting that spawning may occur
at or near hottom.*# From a distance fresh veils re-
ported to appear pale orange (est. 8-12 hr. old)* or
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2.5 mm TL 3.9 mm TL

Fig. 188. Lophius americanus, Goosefish. A. Eggs in chambers of mucous “veil,” germ ring stage. Only a stoall

rtion of veil drawn. B. Egg, germ ring stage embryo. C. Egg, 16~17 somite stage embryo, Kupffer's vesicle
grmed, dorsal view. D. Egg, 16-17 somite stage embryo, lateral view. E. Egg, tail-free stage embryo. F. Egg,
rehatching stage embryo. G. Yolk-sac larvae still in mucous chambers after hatching from chorion, H, Yolk-sac
Erva, 2.5 mm TL, newly hatched, ventral view. I. Yok-sac lacvy, 3.9 mm TL. (A, H, redrawn from Procter, W.,
et al, 1928: figs. 1, 7. B-D, 1, Berill, N. ], 1929: figs. 3-6. C, D, retouched, I reversed. E, Bigelow, H. B.,
and W. C. Schroeder, 1953: fig. 285b. F, Tdning, A, V,, 1923: fig. 14. Gl Bigelow, H. B, end W. C. Schroeder,
1953: fig. 285a, after Agassiz, A., 1882.)



chrome orange (est. 20 hr. old)* due to yolk color,
pinkish on closer view. Older veils purple or lavender
after embryos become pigmented.!

Fertilized eggs: Isolated eggs collected in the plankton
with diameters 1.45-1.53 mm (formalin preserved) have
been attributed to this species.’™'® At germ ring stage
living eggs slightly oval, major axis 1.61-1.86 mm, minor
axis 1.56-1.63 mm."*'* TJust before hatching eggs (from
one of the same sets) somewhat Jarger, major axis 1.79—
1.94, minor axis 172-1.74 mm. Oil globule single,
condensin% from scveral droplets in ovarian stages,>* or
after fertilization; ** its diameter (in vivo) 0.40-0.45
mm,** (in formalin) .37; #* its color copper, orange or
pinkish.*?

EGG DEVELOPMENT

Reports based on collected eggs of unknown age. Re-
ports of hatching varv, from soon after lens vesicle
becomes distinct {ca, 2.5 mm TL) to just before eve
pigmentation complete (ca. 45 mm TL},* a 3 day dis-
crepancy at 14-15 C. Confusion evidently resulting from
fact that volk-sac larvae remain for some time within
chambers in the mucus.2® If 2.8 mm TL selected as a
standardized hatching size, development time from germ
ring stage to hatching can be approximated as about
12 days at 10-11 C,'* 7 days at 12-14 C,** 5 days at 14—
15 ¢! and 4 days at 15-18 C.** Following same conven-
tion: first pigment forms along neural cord about minus
4 days at 1415 C;* Kupffer’s vesicle and 16-17 somites
about minus 10 days at 10-11 C and minus 2 1/2 days at
18-17 C; 4 tail-free stage and blastoderm covering yolk
about minus 3 days at 12-14 C,** and minus 2 1/2 days
at 14-15 C; heart beating and lens vesicle visible about
minus 2 days at 14-15 C; lens vesicle clearly defined,
growth of pectorals and cerebral vesicles beginning
ahout minus 1 day at 14-15 C; ' pectorals functional and
eves strongly pigmented at standardized hatching time
(day 0) for all temperatures (GED, extrapolated from
literature cited ).

Pigmentation: At tail-free stage dense pigment along
dorsal side of head, down in front and a lite in on the
ventral side (moving upward in the course of growth);
medullary groove unpigmented; behind auditory organ
pigment spreads downward connecting with a band of
pigment agong the sides of the alimentary canal (this
tonnection later interrupted); vitellum with dense pig-
mentation near the embryo extending somewhat anterior
to head and posteriorly toward the oil globule, which has
4 +pot of dense pigment; caudal pigment diffuse at first.

separating from the anterior pigment after tail-free stage.”

YGLK-SAC LARVAE

Hatching lenpth: Reports vary (see egg development)
from 2.5 mm ’%%1 1 toecf 4.9 mm TL.>* “Embryos” figured
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hv Agassiz ™ have left the chorion and are therefore yolk-
sac larvae in the size range 2545 mm TL (GED). Size
at end of stage 6.5 mm TL '-7 mm TL.* Duration of
stage 67 davs at 14-21 C.

Yolk initially almost spherical, 1.58-1.62 mm in diameter
at hatching, oil globule necar posterior wall. Cerebral
vesicles well differentiated ca. 2.8 mm TL. Further brain
and pectoral fin development and noticeable darkening
of the eve within the nest 24 hours at 15-16 C. From
ca. 3.5-4.0 mm TL growth rapid, intestine convoluting, a
notch developing in the dorsal finfold and pelvic fins
appear. At 4.5-3.1 mm TL tip of second dorsal spine
apparent in the dorsal notch, caudal part of bodv
straightened, and mouth cartilages developing, volk ab-
sorption also noticeable. Scon afterward pelvic fins shift
forward under pectorals and lengthen, otic vesicle be-
comes visihle. At 6.1-6.7 mam TI. pelvic fins angled
downward below lower edge of volk sac, lower jaw
conspicucus as mouth hegins to open, volk neasrly ab-
sorbed. End of stage marked by appearance of the third
dorsal spine, differentiation of the anus, and completed

volk absorption.!

Pigmentation: Diffuse caudal piginentation of embryo
{yolk-sac larva, GED) differentiating into 3 characteristic
bands ca. 4.0 mm TL. At 4.5 mm TL dense melanophores
form a cap on head above eyes extending back to the
dorsal spines, a lateral band along junction of flank
with yolk sac from posterior angle of jaw almost to vent,
a scatter of meclanophores on auterior and ]pustcric)r
surfaces of volk sac, and a dense cap over oil globule in
posterior pért of volk. In a few specimens (10 of 220)
detached chromatophores were observed at notochord
tip, or between or in front of the 3 strongly marked
caudal pigment bars.? Pelvic fins develop dark pigment
distally at ca. 5 mm TL, and a second, median band at
6.1-6.7 mm TL.! The 3 caudal bars and 3 ventral fin
bands are lacking at comparable stages of the European
Lophius piscatorius.™

LARVAE

$pecimens described 6.5 '-10.5 mm TL.? End of stage
before 12 mm TL (GED). At 6.1-67 mm TL D. 11, V. L,
finfold arched behind the dorsal spines. Pelvic fins (pre-
viously with only one ray, the third) add another ray
(the fourth) about a day after third dorsal spine appears.
Length of aquarium specimens decreases to 5.6-6.2 mm
TL and after this development stops.! P'ie!d-c()?lected
specimens had second, third, and fourth dorsal spines at
6.5 mm TL, bases of first, fifth and sixth spines develop-
ing; V. 2-3; pectoral rays noticeable; hypural plate de-
veloping: * notochord very straight; teeth well develoPed
on lower jaw."" At 80 mm TL D }\-’ (thr-: fifth spine
added); V. 2-3.# At 8.5 mm TL D. V (the 51?(th added);
rays of soft dorsal and anal fins forming as thickened fin-
fold; V. 5; C. 8 with rays fully formed, all hypochordal;
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Fig. 18%. Lophius americanus, Goosefish. A. Yolk-sac larva, 4.5 mm TL, just emerged from mucus. B. Yolk-

sac larva, 4.5 mm TL, age unknown. C. Yolk-sac larva, 5.2 mm TL, ca. 5§ days after

tching. {A, Berrill, N. .,

1929; fig. 7, retouched. "B, Tdning, A. V. 1923: fig. 17, C, Procter, W., et al, 1928: fig. 13, reversed and

redraon.}

notochord stil straight to dp {(GED). At 9.0 mm teeth in
both jaws.2¢ At 10.5 mm TL first dorsal spine a small
process forming in a hollow just in front of second,
almost directly over eye center; dorsal and anal rays
countable, V. I, 5; notochord flexion still not evident.?

Pigmentation: The three larval pigment bars are very
visible in all the stages we have up to about 16 mm
TL.? Rows of light gray dendritic pigment cells along
the lines of the embryonic pectoral rays (stage when D.

11, corresponding to 8.5 mm TL). In the aext st
figured (D. II1, corresponding to 6,5 mm TL 2} the dew"
dritic stellate chromatophores of the head and o the
ventral region of the pectoral side of the body are w0
numerous; the head is colored light yellow; the musj.'tﬂBT
bands and the tissues below patches of chromatﬂ?"c'm:
along the body line are of the same color. The broad fia
fin rays, dorsal and ventral, are of a grayish tint; the &
is blue.”* At 8.0 mm 3 characteristic larval pigment bas
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Fig. 190. Lophius americonus, Goosefish. A. Larva, 6.2 mm TL, ca. 7 days after hatching. B. Larva, 6.2 mm
L, ca. 9 days after hetching, €, Lasva, 6.5 mm TL, age unknown, note position of developing hypural plate.
(A, B, Procter, W., et al.,, 1928: figs. 15, 20, reversed and redrawr. C, Tdning, A V., 1923; fg. 19.}



DeveELoPMENT OF Fisues oF THE Mmp-ATLANTIC BicHT

Fig. 191. Lophius americanus, Goosefish. A. Larva, 10.5 mm TL. B. Prejuvenile, 12.0 mm TL. Ventral surface
of left pelvic fin is shown. {4, Tdning, A. V., 1923: fig. 20. B, Original drawing by Elizabeth Ray Peters.)

still present. The dorsal portion and the re%ion of the
body covered by the pectoral fins are also heavily
pigmented.*®

PREJUVENILES

Specimens described 12 mm TIL (GED)-52 mm TL.”
A questionable specimen 58.4 mm TL*® not included.
End of stage ca, 55-85 mm TL.>

Complete fin ray count established by 12 mm TL with
external emergence of the first dorsal spine (GED).
Available data inadequate for detailed morphometrics,

but examples agree generally with L. piscatorius. "
whose greatest width (at back of head, as percent of SL)
increases from 23% at 11.3 mm TL to 53% at 44.8 mm TL
then stabilizes about 50%, while greatest depth (at s3™°
point, inclusive of subepidermal space) increases from
38% at 11.3 rnm TL to B0% at 44.8 mm TL, then df’?{ifﬂses
to 40% at 80 mm TL.: Thus laterally compressed 1272
shape changes gradually during this pelagic stage trevar
dorsoventrally compressed shape of juveniles and adults

]

Dorsal spines elongate and flexible, but, except {v” the

first dorsal spine, their relative lengths remain c:-,mpgf‘
able to the final configuration in adults.”® Between 10-
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Fig. 192. Lophiug americanus, Goosefish. A. Prejuvenile, 16 mm TL. B. Prejuvenile, 30 mm TL. C. Prejuve-
nile, 52 mm, dorsal view. {A, Taning, A. V., 1923: fig. 21. B, Bigelow, H. B, and W. C. Schroeder, 1953: fig.
2851, ofter Agassiz, A., 1882. C, Eoton, T. H., 1842: fig. 1)
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and 12 mm TL first spine appears beyond epidermis, its
length ca. 1 mm at 16 mm TL,* 4 mm at 26 mm TL,*
7 mm at 365 mm TL?* and 9 mm at 52 mm TL.'" Pec-
toral fins very large throughout stage, held expanded
outward from body, each one wider and longer than
head.»121228 At 12 mm TL all median fins extending
bevond finfold, all fin ravs present and countable, 6 well
formed pelvic elements (GED) not 5 as reported for 30
mm TL ** nor 3 plus 2 “buds™ at 26 mm,*® although spine
and first ray closely approximated, as reported for
adult.>® Third and fourth pelvic rays and, to a lesser ex-
tent, fifth ray greatly elongate, third (the longest) reach-
ing to caudal peduncle at 16 mm TL,* slightly beyond
tip of caudal fin at 26 mm TL,*™ twice as long as body
at 30 mm,* but receding (or possibly damaged) in speci-
men of 52 mm TL, not reaching caudal peduncle.”t Up-
ward flexion of notochord only about 15° at 12 mm TL
(GED). Three pairs of prominent post-orbital spines
throughout stage.?®

Pigmentation: At 10.5 mm TL still shows larval pattern.®
At 26 mm TL the entire body, except the ventral surface
between the anal fin and the origin of the pelvic fins, is
mottled with dark brownish dendriform pigment spots.
The caudal fin is onlv slightly pigmented along its rays.*
At 30 mm general color of body very light, dirty violet
tint, olive green along the dorsal line; body and head
covered by darker violet gray spots. Pigment spots in
pelvics intense black, as well as a few of the spots along
the extremity of the notochord. Vielet gray spots numer-
ous along pectoral rays, with rows of darker cells at their
base. Dorsal, anal and caudal still very transparent, with
a delicate violet tinge.** “At 36.5 mm TL the 3 larval pig-
ment bars arc effaced from the pigment, which has now
reatly increased ... strongest in the abdomen, on the
dy above and just behind the pectoral fins, and on
these and the ventral fins. The posterior pigment bar,
which lies about the tip of the notochord, is, however,
still present in the form of small melanophores.” 4

JUVENILES

Specimens described 76-133 mm TL.7 102

At 76 and 112 mm TL pectoral fins membranous, wing-
like and comparatively wide, 31 mm in 76 mm TL speci-
men: pelvic Ens long, narrow, extending 34 mm parallel
to y axis. At 112 mm TL paired fin rays softer, with
less rigid and flaring appearance. At 133 mm TL paired
fins have undergone a pronounced change, pectorals are
flipper-like, pelvics broadened with strongly developed
rays, directed now backwards and outward, crossing over
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axis of pectorals. Three rows of depressible, inward
curving teeth present on jaws. Head one-third length
of the body."** Pigmentation not described.

AGE AND SIZE AT MATURITY

Information not extensive, suggested to be 4 years for
males, 3 years for females.”
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FAMILY ANTENNARIIDAE

The pediculate family Antennariidae includes fishes popularly known as
frogfishes. Opinion on the number of species varied in two books published the
same year from 43 (Randall, 1968) to 65 (Btihlke and Chaplin, 1968). Schultz
(1957) listed 538 species in 13 genera. One of these, Kanazawaichthyes, was indi-
cated by Hubbs (1958) to consist of pelagic prejuveniles of Antennarius, much
better known as adults. Antennariids are distributed in shallow waters of all
tropical seas, with a few species entering temperate waters. About nine western
Atlantic species are recorded. No concensus exists on exact demarcation of
genera; this treatment follows Schultz (1957) and Bohlke and Chaplin (1968) in
nomenclature of the two species included.

Juvenile and adult frogfishes apparently feed primarily on fishes and most
can take prey up to their own size or somewhat larger. Able to swim, at Jeast for
short distances, they spend most of their time motionless on ar attached by means
of their mobile paired fins to substrates. Although they sometimes stalk prey,
their basic feeding strategy seems to be ambush, either of chance passers-by or of
fishes lured into striking range by motion of the illicium, a structure described
below. Away from natural surroundings their colors and patterns appear striking,
but in most forms the blend with the background is said to be very close.

As in other members of the order studied, frogfish eggs are laid in large,
buoyant masses with various shapes depending on the species. Yolk-sac larvae
are quite small and float yolk uppermost until yolk reserves are depleted. The
larvae are likewise small compared with many fish larvae and develop adult fin
ray complements before much change in length occurs. A pelagic prejuvenile
phase is well defined (Hubbs, 1958) and probably provides most of the dispersal
that takes place during the life cycle.

Members of the family can be recognized by their globular, somewhat amor-
phous body shape which’is compressed rather than depressed like the related
families Lophiidae and Ogcocephalidae; by their more or less roughened skin
studded with minute denticles; by a very restricted gill opening near or slightly
behind the pectoral fin base; their first gill arch with poorly developed gill raktj:rs
and greatly reduced or no gill filaments; their large, almost vertical mouth Wlf_h
small conical teeth in rows on jaws, vomer, palatines and tongue; and by ‘hf‘—“
dorsal spines, of which the third and second are separate and often covered W!.th
skin, the first set well forward on the spout and modified into a fishing lure, with
an illicial rod of variable length terminated in a fleshy “bait” or esca. (Schultz
1957, terminology of the illicium after Bradbury, 1967.) An air bladder is present
in most of the species (TWP).
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Histrio histrio (Linnaeus), Sargassumfish

ADULTS

D. T1I-11-13 (mode 12); A. 7-8 (mode 7); P. 911 (mode
10); * V. 5; C. 9; ** vertebrae 1§ #*-19; **> 10 precaudal,
8 caudal ®®

As a percentage of SL: Head 44-50, depth 56, pelvic fin
length ca. 2522+

Body short, thick, somewhat compressed laterally, caudal
peduncle free; #* head large; mouth relatively small and
oblique when closed, gape very wide; oral breathing
valves well developed; jaw teeth in villiform bands; pala-
tine teeth present; ** lower limb of first gill arch with
filaments along its entire length; '* external gill apertures
reduced to small openings in pectoral axils.**** Air
bladder poorly developed, not discernible in all speci-
mens (TWP). Skin smooth to the touch, actually with
minute granulations; variously shaped cirri on sides, most
numerous on abdomen; * two characteristic cirri on mid-
line of snout in fromt of first dorsal spine.”” Fins fleshy,
covered with thick skin; paired fins slender and freely
mobile; pectoral base elbowed and arm-like, supported
by three radials,’® the fin hand-like, prehensile, able to
grasp plant fronds; '** pelvic fins long, well developed,
reaching anal origin; '"** three spines preceding soft
dorsal; the first slender, standing over the anterior mar-
gin of the eye, its tip (esca) expanded and fringed, form-
ing a lure or bait; 2*#2 second and third spines much
longer than first, depressible,? and encased in skin bear-
ing fleshy cirri or streamers; soft dorsal fin more than
twice as long as anal fin; margin of caudal fin slightly
convex; ends of all fin rays extended beyond membrane
to form fringes.?

Pigmentation: Color ereamy white to yellow, mottled on
head, body and fins with light and dark brown, pattern
highly variable. Bedy color extended on iris to margin
of pupil; three dark bands radiating from the eye. Small
round spots and imegular thin lines of white superim-
posed on ground colors, similar to epiphytic growth on
sargassum leaves and stems. Cirri yellowish. Tongue
and floor of the pharynx to fourth branchial arch marked
with mottled brown and white, simulating the external
pattem. Very changeable in shade, darkening when
disturbed, lightening against light backgrounds.?®-2.22

Maximum length: In Atlantic 106 mm SL (140 mm TL).
In Pacific 140 mm SI. (195 mm TL)."' Record of 381
mm ® undocumented, doubtful (GED).

DISTRIBUTION AND ECOLOGY

Range: Tropical and subtropical Atlantic, Pacific and
Indian Oceans; 11225 rare in west African waters.® Ex-

treme northern records for Atlantic at Vadso, Norway *
and at 43° 18 N, 55° 50’ W off Grand Banks.”

Area distribution: New Jersey to Virginia,’’ Chesapeake
Bay.**

Habitat and movements: Adults—near the surface among
floating seaweed, usually attached by means of the hand-
like pectoral fins.®® Not a strung swimmer, movements
very dependent on the major ocean circulation patterns,
on the temperatures below which sargassum gradually
loses buoyancy,®' and oceasional sustained, strong winds
that carry seaweed away from its normal patterns of
drift.** Qccurrence evidently seasonal in Japan, few or
no individuals appearing in the drifting seaweed from
November through April.*"** In the Florida Current off
Key Biscayne, Florida, adults absent or poorly repre-
sented in samples June-August and October-December.*®
Temperature range, 18.2-33.8 C; salinity range 25.5-37.9

ppt.>
Yolk-sac larvae—floating, yolk uppermost {LAK).

Larvae—from surface down to 600 m depth in Florida
Current. Of 17 larvae in the size range 1.9-4.4 mm SL
{ca. 3-7 mm TL) from various collections, depth was
given as 0 (surface) for four larvae, and included 50, 75,
100, 123, 300, 350, 400, 500, and 600 m depths for 13
others (2.1-4.4 mm SL). Some of the larvae at the greater
depths had food in their stomachs.® There is at least a
suggestion that dispersal within the current might be
accomplished by sinking to slower-moving layers of the
current for some period (GED). Dates of capture were
clustered in the months November-February, June, and
August, with some indication (making allowance for
small sample size) of reduction or hiatus in April-May
and again in October.®

Prejuveniles—in contrast to Jarvae, depth distribution in
the foregoing study was listed as 0 (surface) for 13 pre-
juveniles 5.0-15.2 mm SL (ca. 7.3-20 mm TL}, and a3
25 m for one specimen 14.9 mm SL.°* Including collechon
dates for these with a much larger sample taken by
Dooley,** Florida occurrences for 5-15 mm SL jndivid-
uals are well represented in October-May and less ‘¢
quent in June-September. In 1967, smaller specinens
(5-10 mm SL) became scarce about a month earlie: {10
May) than 10-15 mm SL specimens. In the Gulf Straam
off South Carolina, prejuveniles were taken in all fout
seasons south of Charleston, but only in October north: of
Charleston® In Japan 11-16 mm TL specimens weT¢
collected only in May and August.?’

Juveniles—individuals 15-50 mm SI. are found in the
same habitat at the surface as adults, 52%27,2832

They were represented in Florida collections during
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Fig. 188, Histrio histrio, Sargassumfish. A. Adult, length unstated. B. Diagramatic figure of fertilized eggs in

raft, before first cleavage. C. Egg, 2-cell stage. 1. Egg, 8-cell stage.

(A, Jordan, D. 8, 1505: fig. 500, B,

Fujita, 5., and K. Uchida, 1959; fig. 1. ©, D, Mosher, C., 1854: figs. 1, 3, delineated by Joar Ellis)

every month except October and were most abundant
June-September, abruptly disappearing for ome month
and reappearing in reduced numbers through the winter
months, They were generally less consistent in repre-
sentation than prejuveniles.® In the Gulf Stream they
were taken in May and less commonly in October, but
Ware not taken in summer or winter cruises.®

SPAWNING

Location: Spawning assumed to occur in clumps of sar-
gasso weed drifting in the open ocean. Since adults are
%rmally intolerant of one another except during court-
S0, a minimum migration by one sex or the other
(Probably males) from clump to clump must occur for
Piring. -~ Fertilization occurs in a brief (0.4-10 sec)
Peviod at the surface following a quiescent courtship

lasting from several hours to more than a day. In aguaria
pairs remain together through several spawnings at 3-8
day intervals.* Size distribution of young taken in the
Florida Current indicatcs that the current east of Florida
is a major spawning area,®?*

Spawning season: Wellfed females maintained in the
laboratory have produced eggs every few days over
periods of 2—4 months, with or without males present.’-#*4
A suggested interruption of larval occuwence during
Aprl and May in Florida may reflect a reduction of
spawning activity there in February und March, trace-
able to reduced water temperatures.® A second apparent
hiatus in October seems to be associated with reduced
ocourrence of large adults in middle to late summer,®
which could in tumn reflect reduced survival or growth
during the preceding winter in northern or eastern legs
of the Sargasso Sea circulation.”* Florida Current
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spawning activity thus seems loosely concentrated in
two peaks, one in May and June, the other beginning in
October and continuing until about January (GED).
Juveniles appearing further north in the Gulf Stream in
October and May ¢ provide additional evidence for
summer and winter spawning peaks, respectively.l‘z'”'“

Time: 1600-2030 hours for numercus laboratory spawn-
ings‘mz,wru

Temperature: Not closely correlated, about 24-30 C for
the months indicated.5*¢

Fecundity: No exact information on eggs per spawning,
“thousands” of ova,! females produce egy rafts at inter-
vals of 3-8 days for 2-4 months when well fed.t:=114

EGGS

Location: When liberated, eggs embedded in a buoyant
raft of mucoid, gelatinous material which is transparent
and glass-like in appearance. Freshly spawned raft ca.
8¢ mm in length, 25-50 mm wide, with scrolled ends
coiled upward and inward to its middle, lacking the flat
central portion described for related genera.’® Eggs ar-
ranged in 2-3'* or several? layers, each egg usually
separated from the others by well defined membranes
forming a polyhedral compartment, in which the egg is
free to rotate.*** Females, as they aged in the laboratory,
were observed to produce rafts in which two or even
three eggs per compartiment became more frequent.!

Unfertilized eggs: After ovulation “the egg mass lies
close packed in the ovary like a bank note tightly rolled
up from its two ends.”?* E when laid colorless,
approaching transparency; without oil droplets; the
germinal disc partly sunk in a depression in the yolk,
half its thickness being below the yolk surface, the de-
pression entirely filled with protoplasm; ~ single nucleus
visible in optical section.®

Fertilized eggs: Oval? or elliptical; major axis 0.62-0.65
mmm ¥ or .7 mm,? minor axis 0.533-0.57 mm * or 0.8
mm; becoming spherical at the time of the second
cleavage; ova extremely transparent, glassy.®

EGG DEVELOPMENT

Development: As development proceeds raft unrolls and
expands to a length of 300 mm *-900 mm,** a width of
51 mm '-76 mm, and a thickness of 8.2 mm 2*-16.4 mm.'"
The membranes remain firm until about the 8-11 myo-
mere stage, then begin to deteriorate, the raft soften-
ing and expanding to abomt three times its original
dimensions, and finally beginning to sink.*’?

At 21-23 C, developmental steps as follows (Atlantic): *

1—one cell; depth of disc at animal E:le 0.3 mm; 0-2 hr.
2—two cells; cleavage complete; 2 hr.
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3—four cells; second cleavage complete; 3 hr.

4—eight cells; third cleavage complete; 4 hr.

S—morula; cells spreading; 5.5-10 hr.

6—late blastula; beginning of germ ring; 21-27 hr.

7—germ ming; beginning of embryonic shield; 27-36 hr.

8 —embryonic shield thickened and lengthened; 36-40
hr.

9—neural crest formed, its average length 0.3 mm; 40-
48 hr.

10—optic vesicles and three to four somites formed;
length 0.5 mm; ca. 40 hr.

11—increase in number of somites, before 65 hr.

12—optic lens and auditory placode formed; thirteen to
fitteen somites; tail free; length 0.6 mm; 65-75 hr.

13—heart beating strongly; tail twitches sporadieally;
90-96 hr.

14—hatching; pectoral fins developed, no pelvics; 14
mm, TL; melanophores on top of head and over
eveballs, a solid band in the dorsal peritoneum over
top of volk sac; 108 hr. (4.5 days).?

At 26.8-27.4 C, developmental stages compared to above
(Pacific):

1—one cell visible; 1 hr.

2—two cells; 1 hr. 20 min.

4—eight cells; 2 hr, 5 min.

5 blastula; 20 hr. 35 min.

6—gastrula, germ ring; 26 hr. 30 min.

8 neural crest forming; 32 hr. 5 min.

10—optic vesicles and Kupffer's vesicle formed; 35 hr.
30 min.

11-—six somites formed; 37 hr. 20 min.

12—optic lens and otocysts formed; 39 hr. 30 min.

13—minute hexagonal or pentagonal networks “w1t}r1
small yellowish spots on the corners of the mel
noted on the volk surface just before hatching: 47
hr. 20 min.

14— hatching; melanophores absent; 48 hr. 20 min.

Rasquin,’ comparing development to Phrynelox S(‘ﬂ?@f
and to steps described by Mosher,” added the following
notes on development at ca. 30 C (Atlantic):

6—late blastula (= Phrynelox step 9), early germ ring:
in some spawnings embryonic shield reached; Ci
20 hr.

7—germ ring (=Phrynelox step 14); embryo cov(rs at
least three-fourths of yolk; clusters of peculiar cells
noted on ectoderm; ca. 36 hr. .

12—optic lens ( = Phrynelox step 18); gill slits developing:
biastopore still open; ca. 40 hr.

13— prehatching; ca. 80 hr. _ .

14— hatching (= Phrynelox step 17); with very htflif7 ﬁi"g'
ment, a few melanophores around the gut; ¢a. 7~ h.

Although Rasquin’ did not maintain close Contﬁdt]?:
temperatyre, development appears oomparable. fn-;_ ‘0-
first 40 hours between Atlantic and Pacific Histrio hisi7
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0.88 mm TL

Fig. 184. Histrio histrio, Sargassumfish. A. Egg, late blastula stage. ' B. Egg, early gastrula, germ ring stage, C.
Egg, late gastrula, embryonic shield forming. D. Embryo, 8 somites, Kupffer's vesicle present. E. Embryo, lens
p{awdes formed, surface features of this and preceding embryo are not pigmented. F.

vesicles and auditory

Yolk-sac larva, fength unstated, photographed while hatching. G Yolk-suc Jarva, 8.88 mm TL, newly hatched.
(A, C, E, F, Rasquin, P, 1938: pl. 78, figs. 1, 3, 6, delincated by Joan Eftis; pl. 74, fg. 4. B, D, Mosher, C.,
1954: pgs. 4, 8, delineated by Joan Ellis. G, Fujfita, 5., and K. Uchida, 1959: fig. 12.}

;‘ _%7‘30 C, the hatching itself oceurring earlier in the
avific study.** Hatching reported to occur several hours
¢rlier in eggs soparated from the raft.?

YOLK-SAC LARVAE

Pﬁfching length: 0.88-1.00 mm TL. Size at end of stage
o 53'{?01'“01')’ hatched larvae ca. 1.7 mm TL;? ca. 16
™ with evidence of abnormally slow growth.® Duration

of stage: (in laboratory) 4 days at 26.8-274 C ¢ 4 days
at ca. 30 G

Yolk-sac larvae showed choroid fissure and “networks,”
as described nbove, on yolk and finfold."* Developmental
steps described by Rasquin’ as identical to those in
Phrynelox scaber except for pigmentation, and the fol-
Towing (steps numbered as for Phrynelox):

[7—day of hatching, pectoral fin bud formed, held closer
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Length unstated

Length unstated

Fig. 195. Histrio histrio, Sargassumbfish. A. Yolk-sac larva, 1.4 mm TL, 4.5 days postfertilization. B. Head of
yolk-sac larva, Ien'%th unstated, 7 days postfertilization. C. Yolk-sac larva, 1.73 mm TL, 4 days post-hatching.
D. Yolk-sac larva, length unstated, 11 days postfertilization, stained to show cartilage. (A, D, Mosher, C., 1954:
figs. 10, 11. B, Razquin, P., 1958: pl. 74, fig. 6. C, Fujita, S., and K. Uchida, 1959: fig. 13.)



to the body than in Phrynelox, ca. 72 hr.
after fertilization.

22~-a transient difference in Histrio, the brain strongly
flexed downward on the anterior end so fish appears
to have a very high, flat forehead. The eves of
Histrio are smaller and more nearly spherical, not
flattened anteriorly as in Phrynelox. Mesenchyme
forming six points on candal end of finfald sug-
gestive of fin rays. Myomeres are well formed and
distinct lateral and ventral to the notochord. Time
ca. 7 days after fertilization (3.5 days after hatching)."

(3 days)

Pigmentation: Except for a few melanophores around the
gut, laboratory hatchlings at ca. 30 C had little pigment
up to 85 hr. after fertilization (23 hr. after hatching).
Yolk-sac larvae in the Japanese study, which hatched
earlier (48.5 hr.}, had none 2 At a lower temperature
(21-23 C) “newly hatched” larvac (108 hr.) were reported
to have melanophores covering the head and a solid band
in the dorsal peritoneum across the top of the yolk sac.?
At 116 hours after fertilization yolk-sac larvae af ca. 30 C
showed considerable increase in pigment, particularly
around the gut and in the choroid region of the eye;
retinal pigment still extremely scarce. At the anterior
end where pigment spreads out behind the eves, the
pattern of a “Y” seen in Phrynelox scaber is not present;
dispersed melanophores fill in the acute-angle area, They
also spread a little over the dorsal surface of the yolk,
50 the pattern is much less sharply defined than in P.
scaber. Retinal pigmentation is completed at 168 hr. (7
days) after fertilization, 3 days after hatching.’

LARVAE

Specimens described ca. 1.8-8.9 mm TL. Size at end of
stage ca. 7.2 mm TL. A transitional specimen 3.0 mn
SL (ca. 7.3 mm TL)} is described below as prejuvenile.”
Buration of stage: no exact information, a rough estimate
based on length-frequency distribution of small samples
frum several years 3¢2¢ js one and a half to two months
or more, depending on water temperature (GED)

Some aquarium-hatched larvae survived ca. 2 days after
yelk absorbed, without further growth in length.! Si?-
guence of fin development to definitive ray count 1s
candal, anal, soft dorsal, pelvics, pectorals, and finally
dersal spines.*® Fight points present first day of stage
ov caudal finfold, with radially spreading mesenchyme
3 proaching them.* Of 26 specimens 1.9-4.4 mun sL, 17
h:d 9 caudal rays countable, fin damaged in at least
Some of the others. Of 4 specimens 1.9-2.4 mm SL, only
| liad definitive anal count of 7 rays, other uncountable.
Of 22 specimens 254.4 mm SL, 18 had 7 anal rays, 3
had § gnal rays, 1 was uncountable.® Anlagen O'f first
two dorsal spines could be seen before differentiation of
soft dorsal or anal on last day of life in aquarium larvae,
but soft dorsal penetrates dermal envelope well befo“;
Spines; of 4 specimens 1.9-24 mm SL, 1 had 11 dorsa
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ravs, 1 had 10, 1 had 9 and 1 was uncountable; in 14
specimens 2.4-3.4 mm SL. dorsal count ranged 9-2, with
one uncovntable, formaton evidently still in progress; in
8 specimens 3.5-4.4 mm SL, dorsal count was 11 or 12,
apparently stabilized; pectoral ravs were uncountable in
larvae. Pelvic rays were counted as 5 in two larvae of
3.6 and one of 4.0 mm SL, Myomeres were net counted
but were visible in caudal and lower dorsal regions of
many but not all larvae studied.

As a proportion of SL: Preanal distance was a relatively
constant 0.740-0.755 through larval stages when averaged
for groups of 4 to 8 larvae; mean pre-soft dorsal length
was variable from 0.485 to 0.789, but when averaged for
the groups 1.9-2.4, 2.5-2.7, 2.9-3.4, and 3.5-4.4 mm SL,
it decreased from 0.685 to 0.646, and to 0.58), then in-
creased to (.571, indicating 2 non-isometric growth pat-
tern; head length (to opercle margin) for the same groups
started at 0.408, increased to 0.449, decreased to 0.357,
then increased to 0418 (data grouping GED). Other
proportions were studied, showing similar non-isometric
trends in the larval stage.’

At 2.0 mm SL the head relatively large, forming one-
third to almost one-half the body length in some indi-
viduals, the head parts also proportionately large at this
stage. The head and constituent parts relatively smaller
at 3.4 and 4.0 mm SL. The eye doubly notched at 2.0
mmt SL; at 3.4 mm SL the lower notch (choroid fissure)
still open. Eye round by 4.0 mm SL. Membrane of the
soft dorsal develops after that of the ana! and caudal
fins, and is incomplete at 2.0 mm SL; the three dorsal
spines visible under the integumentary envelope in some
specimens and not in others; at 2.0 mm SL the first dorsal
spinc resembles the others; ravs of the caudal fin figured
as unbranched after 3.4 mm SL; in the 2.0 mm specimen
the pelvic fin bud dimly visible through the expanded
supporting structures of the gills, first appearing ex-
ternaliv in 2.6 mm SL larva. At 2.0 mm 5L (ca. 3.1 mm
TL) the integument a more or less spherical, cellophane-
like bubble, in contact only with the mouth, vent and fin
bases; this begins to shrink and become opaque by 4.0

mm SL.5.

Pigmentation: At 2.0 mm SL chromatophares are con-
spicuous in the head region, and especially around the
eye. Pigmentation of the midgut is dense and dark.
At 34 mm SL the chromatophore pattern on the head,
around the eve, and on the postcephalic portions of the
back is more complex, but the midgut pigmentation still
prominent and dense. At ca. 40 mm SL there is in-
creased chromatophore development in the cephalic and

upper dorsal regions.”

PREJUVENILE

. ) tional
Specimens described 5.0-15.2 mm SL; one transitiona
a?5.0 mm SL and 14 ranging from 9.0-15.2 mm SL {ca.
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Fig. 196, Hisirio histrio, Sargassumfish. A, Larva, 2.0 mm SL. B. Larva, 3.4 mm SL. C. Larva, 4.0 mm SL.

{A-C, Adams, ]. A, 1960: fig, 1.)

7.3-20.0 mm TL)> Duration of stage: estimated from
length-frequency histogram ** as lasting ca. two months
(GED).

D. I, 10-12 (mode 12); one or two branched; A. 7, none
branched; C. 9, 7 branched; P. 10, none branched; V. 3,
none branched.®

As a proportion of SL: Mean head length 0.433 (0.322-
0.487); mean pre-soft dorsal length 0.518 (0.487-0.617);

mean preanal length 0.737 (0.884-0.810); mean prepel: i
length 0.377 (0.240-0.472).

At 5.0 mm SL some traces of the myomeres still prese{:'t
the eye less conspicuous than in larvae; the tps of th
dorsal spines externally visible as minute bumps; thi
pelvic fin bases still short but beginning to elongate; ar
the integumentary envelope thickened and wri led ove:
the whole body. First and second dorsal spines
ternally ‘discrete at 7.0 mm SL and the envelope hao
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5.0 mm 5%

Fig. 197. Histrin histrio, Sargassumifish. A. Prejuvenile, 5.0 mun SL. B. Prejuvenile, 9.0 mm SL. C. Prejuvenile,

100 mm SL. (A-C, Adams, J. A., 1960: fig. 2.)

settled down over the tip of the third spine as figured
for 8.0 mym SL,; at 9.0 mm SL the illicium differentiated:
a few soft dorsal rays branched; at 10.0 mm SL dorsal
f}pmes fully defined; indentation begiuning in the mem-
rane .be'tWeen tips of soft dorsal and caudal rays; anal
1avs still figured as unbranched at 9.0 and 10.0 mm SL;
Il)gﬁtural rays beginning to overgrow their membrane at

0 mm S, pelvic bases have elongated at 8.0 mm SL

and the envelope over the fleshy bases of pectoral and
pelvic fins has consolidated with the main body outline.
Separation of the envelope from the body proper persists
onfv around the bases of the dorsal spines and in the
loose skin under the helly: at 10.0 mm S the integument
ever}-'wherc closely app]ied to the body? aithough still
shown as loose ventrally at ca. 15.2 mm SL in a specimen
of undetermined origin,’* this figwe in most respects
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comparable to specimens 8-10 mm SL (GED). Minute
tags which will become dermal cirri appear at 10 mm
SL. Head and its parts proportionally larger at 10.0 mm
SL than at 9.0 mm SL.?

Pigmentation: The midgut pigmentation is reduced in
the 5.0 mm SL specimen and the chromatophore pattern
on the head is extensive. At 9.0 mm SL midgut pig-
mentation is much faded, but still covers a wide area;
at 10.0 mm SL this has shrunk to a small patch.?

JUVENILES
Specimens described 15.5-28 mm SL.

DEevELOPMENT OF Fisuss o THE Mip-Atianmic BicaT

D IIL, 11-12; A. 7, € 9; P, 10-11; V., 558

As a proportion of SL at 15.5-19.0 mm SL: Mean head
Iength 0.413 (0.376-0.452); mean pre-soft dorsal length
0.550 (0.528-0.563); mean preanal length 0.695 (0.647-
0.755); mean prepelvic length 0.375 (0.316-0.432)." At
28 mm SL: Head 0.83 SL; its length 2.4 times its width
and 1.2 times longer than its depth; snout 0.9 eye; eye
0.17 head; interorbita]l 0.55 eye, 0.09 head:; filament of
first dorsal spine 0.15 head length; second and third
spines 0.28 head length.®

At 15.5 mm last two dorsal and all anal rays shown as
branched, and indentation of the membrane between

Fig. 198. Histrio histrig, Sargassumfish. A. Prejuvenile, 152 mm SL. B. Juvenile, 15.5 mm SL. (4, Fowier,

H. W, 1928: fig, 81. B, Adams, ]. A., 1960: fig. 3.}



tips of caudal and anal rays is well developed, lending &
ragged appearance to all the fins. Dermal cirri are more
profuse, elongating, particularly on the dorsal spines.®
At 28 mm SL snout described as short and obtuse; the
teeth as small, conical, recurved and depressible, in
bands on jaws, vomer and palatines; the caudal fin as
rounded; and the pelvic fins as jugular in position.
Dermal cirri were not figured.?

Pigmentation: At 155 mm SL the mottled markings of
the usual adult color pattern have developed, and the
midgut pigmentation characteristic of earlier stages is
barely discernible® At 28 mm SL coloration is similar
to that of the adult.®

GROWTH

From ea. 2.0 to ca. 8.0 mm 5L a period of axial elonga-
tion predominates. From ca. 6.0 to ca. 12 mm SL com-
pensating allometry is exhibited. By 15 mm SL growth
is becoming relatively isometric.®* The length-frequency
histogram for Florida in 1966-1967 *¢ suggests that
growth from 5 to 45 mm SL took four to five months
(GED).

AGE AND SIZE AT MATURITY

No information.
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Phrynelox scaber (Cuvier), Splitlure frogfish

ADULTS

D. II1-11-13 {mode 12) last 2 or 3 branched; A. 7-8
{(mode 7) all branched; P. 10-11 (mode 11) none
branched; +** V. 5, only the last branched; ! C. 9;°
vertebrae 18 '*-19," 10 precaudal and 8 caudal.*

As a proportion of head length (to gill opening}: Snout
17-23, eye .086-.095; interorbital .16-.23, maxillary .36~
.38, head width .71. As a proportion of SL: head length
61; head width .33-.36; illicium .23, second dorsal spine
.13, third dorsal spine .19; soft dorsal height (at fifth ray)
.20; anal depth (at third ray) .21; anal base .15; caudal
length .24; pectoral length .27; caudal peduncle length
A3 caudal peduncle depth .19.*

Head large, deep, anterior profile evenly convex when
mouth closed; mouth long, nearly vertical; upper lip thin,
tough; lower lip thicker, also tough; mandible broad,
with a slight symphyseal knob in front. Jaw teeth cardi-
form in narrow bands, individually small, slender, conic
and sharp; palatine teeth similar to jaw teeth, in two
patches, median line of mouth roof without teeth; two
small scts of pharyngeal teeth above and two below.
Tongue large, broad, depressed, smooth, free in front and
along sides, convex in front.! First gill arch with fila-
ments on anterior portion* of ventral half only.® Gill
opening a small slit immediately below pectoral base.’
Vent near anal fin origin, conspicuous. Body laterally
compressed, deepest at dorsal origin.' Skin roughened
everywhere with spinous dermal ossicles, many of these
bifid or trifid.** Cirri also abundant on sides, longer
dorsally, filamentous and branching ventrally; these cirri
much more pronounced in males than in females.?** Lat-
eral line obscure, only evident anteriorly.’ Reported to
inflate with air or water if handled.” An air bladder
present (TWP). Paired fins freely mobile, with great
clasping power, enabling the fish to cling to substrates; ®
pectoral base elbowed and arm-like, supported by 3
radials; ** tips of pectoral rays projecting slightly beyond
membrane; ' pelvies similar, but much smaller,’” jugular
in position, last ray divided; ® first dorsal spine modified
into an illicium or “bait” used in luring prey; * base of
illicium advanced beyond margin of lower jaw; rod of
illicium same length as or slightly longer than unmodi-
fied second dorsal spine; tip of illicium (esca) bifid with
halves fleshy, worm-like, each with a few short attached
filaments,"**'° in use the halves spread and trailing as
the rod moves forward and backward, when not in use
the halves of the esca rolled and folded back into a
hollow behind second spine.” Second and third dorsal
spines fleshy, not connected by membrane, with project-
ing cirri that are likewise longer and more abundant in
males than in females; ® soft dorsal long, high, its rays
unevenly spaced; with close-set cirri along its basal mar-

gin; ** caudal fin large, rounded, with median rays long-
est; anal fin small, set far back, ending slightly farther
back than dorsal.

Pigmentation: Two primary color phases, the rarer one
black except for a whitish lure on illicium (dark phase
ariginally described as Antennarius nuftingi).’* More
commonly light to medium gray, brown or reddish with
irregular black spots and short bands on body, head and
fins; bands in two radiating systems, a major system
centering about eve, a minor system centered about base
of third dorsal spine; rounded, non-ocellated black spots
in several transverse series on fins and beody; iris with
radiating striae; upper surface of tongue from base to
tip mottled with drab in a distinct pattern on a white
ground.iv"'l”

Maximum length: 150 mm.*®

DISTRIBUTION AND ECOLOGY

“Range: Atlantic coast of the Americas from New Jersey’

through Texas '* and south to Rio de Janeiro; © Bermuda,*
the Bahamas,? West Indies ' and the Guinea coast of
West Africa.”

Area records: Corson’s Inlet, Cape May County, New
Jersey.?

Habitat and movements: Adults—seined in Bermuda on
grassy bottoms where there are scattered broken bits of
coral, dead econch shells and other similar objects. Walk
on fins as do Anfennarius specics, but can swim short
distances at great speed, using tail, with other fins fiolded
back against body.* Different habitats including mud
bottoms.™ In Bahamas near a piling,”" and from wate}r
less than 0.8 m deep.® In Tortugas, Florida, from 18-22
m depth.”

Larvae—yolk-sac larvae float upside down at surface; in
aquaria after yolk sac absorbed larvac remain within 25
mm of the surface until they die (LAK).

Prejuveniles and juveniles—no information.

SPAWNING

Location: Spawning occurs at the surface after a couil
ship similar to that of Histrio histrio (L.AK).

Notes: No reports of spawnming seen in feld. Have
spawned in aqguaria,”? but few details are published.

Season: Late April, Bahamas "' (only report).
Time: Daytime.'? '
Temperature: 27 C {20 minutes after spawning).”
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B adult

Length unstated

Fig. 199. Phrynelox scaber, Splitlure frogish. A. Adult, ca. 117 mm Si, typical color phase. B. Adult, length
unstated (nuttingi form, melanistic coloration, probably female). (A, Berbour, T., i942: Pl 8. B, Garmaa, §.,

1898: pl. 2)

Fecundity: Ca. 125,000 eggs in a raft (LAK).

EGGS

LOfJation: Eggs embedded in a raft of gelatinous ma-
terial. Usually one, sometimes two eggs each in cham-
bers divided by clear, resilient sheets, each chamber
tendered polyhedral by pressure from adjacent chambers.
P;nvelope of the raft composed of a second type of gela-
Hoous substance having microscopic surface striations
and also with pores opening to the outside water. Rafts

up to 900 mm length and 120-150 mm widih mentioned,
without definite species identification.”” Scroll of eggs
smaller than diameter of a Jead pencil when ejected,
expanding, as soon as free in the water, to a raft 75-100
mm in length, which floats.®

Ovarian eggs: Embedded in a mucous scrol! ca. 8¢ mm
in length, closely rolled toward the center from opposite
ends.®

Fertilized eggs: Slightly oval, major axis 0.70 mm, minor
axis 0.65; color light yellowish and perfectly clear, with-
out oil droplets or granules of any kind.™
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h. A. Egg, 2-cell stage. B. Embryo, at lens formation, Kupffer’s
rzeé;la es, D. Embryo, pectoral buds forming. E. Embryo, first
. F. Late embryo. G. Embryo, just before hatching. (A-G, Ras-

stage showing pi
quin, P., 1858: pl. 53, fig. 4; pl. 58, figs. 1, 4; pl. 59, fig. 4; pl. 60, figs. 1, 3, 4, delineated by Joan ElUis)

Fig. 200. Phrynelox scaber, Splitlure fro

vesicle present. C. Embryo, showing audite
ent, yolk surface vacuolaf



EGG DEVELOPMENT

Report based on aquarium-spawned pair, numbered steps
follow Rasquin.”

1—fertilized ovum; no indication of differentiation into
animal and vegetal poles.

2—two cells; time not given,

3—four cells; second cleavage began 20 minutes after
fertilization, duration of stage 20-25 minutes.

4—eight cells; duration of stage 20-25 minutes.

516 cells; duration of stage 20-25 minutes.

632 cells; duration of stage about one hour,

7—64 cells; no segmentation cavity, no further times
given before hatching,

8—early blastula; segmentation cavity developing, june-
tion zone of outer cells and yolk poorly defined.

9--late blastula, definition of junction zone developing.

10—early gastrula; germ ring widens posteriorly, defining
anterior-posterior axis.

11—middle gastrula; marginal periblast, neural crest and
a narrow perivitelline space forming, caudal end
of the neural keel slightly overhangs marginal
periblast.

12—Ilate gastrula; anterior neural keel advancing rapidly.

13—optic vesicles form; some differentiation of trunk
mesoderm.

14—tubulation; definitive notochord formation; Kupffer’s
vesicle formation; melanin granules form in cells
ventrolateral to the peural tube, as revealed in
fixed and stained embryos, not visible in living
embryos until next stage; optic vesicles invaginate.

15—appearance of somites; blastopore still open; em-
bryos tend to rotate until yolk uppermost: three
primitive divisions of brain evident; optic cup
invagination; gut differentiates into pharyngeal
and midgut regions; heart anlage appears: gil
slits begin forming but do not open. Two rows of
melanophores appear beside the notochord, a
few on the head, and the posteriormost migrate
ventrally beneath the gut.

16—blastopore closes; five brain divisions evident and
cranial nerves forming; pectoral limb buds form-
ing; heart formed, open at both ends, no sign of
blood vessels; gill slits broken through: lenses dif-
ferentiated. Choroid layer of eye darkening with
melanin granules but no melano hores; melano-
hores plentiful at anterior end of gut, two wing-
ike aggregations of pigment extend outward at
the sigg; and approach the choroid coat of the
eye, dorsally resembling a black letter Y that end;‘
abruptly a short distance anterior to the anus, tai

_ free of any pigment.

I7—just before and at hatching; time less than 75 hours
post-fertilization at 21-27 C; retinal pigmentation
still much lighter than that surrounding the g‘ﬁ:
yolk volume considerable with prominent vacuoia:
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tions around yolk periphery; third and fourth
ventricles of brain prominent and extensive; vacu-
olations evident in outside ectoderm that will form
the bubble; heart still open at both ends, the vnly
pussible circulation being within the subdermal
space around the heart; Kupffer's vesicle disap-
pears; there is no evidence during this or follow-
ing yolk-sac larval period of swim bladder anlage;
gut complete; pronephric ducts present; liver ge-
vcloping; fin bud changes orientation to stand out
from yolk surface hut still consists of undifferen-
tiated cells; tail free from yolk sac and vigorously
lashed; the raft beginning to disintegrate rapidly.

YOLK-SAC LARVAE

Hatching length ca. 0.90-0.98 (from measured photo-
graphs). Size at end of stage not described. Duration
of stage 4-5 days at 21-27 C.

Numbered stages below follow Rasquin !’ (temperature
2197 Ch:

18—3-4 days post-fertilization; yolk at hatching nearly
spherical, ca. 0.42 mm diameter; suhdermal space
or “bubble” greatly enlarged over previcus stage,
its exterior covered with a pattern of large vacuo-
lated and granular cells; pectoral fins pushed out
at an angle of about 60° with sides; anus open.

19—4-5 days post-fertilization; gut has a pronounced
sigmoid curve; gills, urinary bladder and rectus
muscles of the eye forming; gill clefts opening
during the stage.

20—volk sac reduced considerably and prominently

" vacuolated; lens and cornea visible; eyes rotating
forward to give biocular vision; mouth not yet
open; heart still open at both ends; peritoneum
and various cartilaginous structures forming,

2]—mouth open; pectorals large and used extensively in
swimming; vacuolated cells of outside ectoderm
over head and heart regions enlarged and appear-
ing hypertrophied; dotsal aorta forming but not
connected to heart; heart two-chambered; yolk
remnant broken into large flakes.

92 volk remnant being enclosed in tiver; additional ro-

" tation of eves, their anterior sutfaces appearnng
slightly finttened; heart stil} open: gas developing
in posterior gut (suggested to represent malfunc-
tion and presage death of aguarium larvae}.?

Stage ending about 190 hours (& days) after fertilization.”

Pigmentation; The only obvious change between stages
17 and 18 is darkening of choroid and .retmai eve pig-
mentation. A few melanophores have migrated between
the notochord and the neural tube in the anterior Tegion.
Eve pigmentation complete by stage 22. The dlstmc’mlrg
“Y” pattern of pigment has become diffuse by stage
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0.96 mm TL

1.07 mm TL

Fig. 201. Phrynelox scaber, Splitlure frogfish. A. Yolk-sac larva, 0.96 mm TL, 100 hours post-fertilization. B.
Yolk-sac larva, 1.07 mm TL, 77 hours post-fertilization. (A, B, Rasquin, P., 1958: pl 61, figs. 1, 2; A, delineated

by Joan Ellis,)

and the larvae increasin ly difficult to distinguish from
similar stages of Histrio histrio.?

LARVAE

Three days of survival by moribund aquarium-hatched
larvae are described.’® Sizes not given. Temperature
21-27 C.

23—otoliths forming; heart divided into four chambers,
aortal connections formed; skin over subdermal
space differentiated histologically into four layers,
the outer with small, blunt processes extending
outward; jaw musculature developed.

24—no further development of organs, mortality heavy.

25—tenth day post-fertilization, no further development,
mortality complete.’®

Pigmentation;: Visceral organs heavily invested with
melanin, this clumped in a way characteristic of the
moribund condition before death,*

JUVENILES

No information.

GROWTH

No information,

AGE AND SIZE AT MATURITY

No information.
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Chaunax stigmaeus

Chaunacidae
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Fig. 202. A. Chgunax nuitingi Garman, length unstated. B.
Chaunax pictus Lowe, ca. 27 mm SL. (A, Garman, 5., 1896: Pl 8
fig. 2. B, Goode, G. B, and T. H. Bean, 1895: fig. 398.)

Fig. 203, Illicia (depressed into niche) of: A. Chaunax piclus
Lowe. B. Chaungx stigmaeus Fowler. (A, B, Fowlgr, H W,
1846: figs. 4, 5.)



FAMILY CHAUNACIDAE

This family, allied to the Antennariidae, consists of a single genus, Chaunax.
Adult chaunacids have a characteristic louvse skin, which in the region over the
head and eyes is similar to the prejuvenile “hubble” (Adams, 1960) of other lophi-
iforms. They also possess five dorsal spines, rather than three or four as do anten-
nariids, but the posterior four remain hidden heneath the kwse skin and are
revealed only by dissection (Longley and Hildebrand, 1941). Other characteristic
features include a nearly vertical mouth, giving the anterior profile of the head a
truncate appearance, reduced pelvic fins with only four rays in the species de-
scribed, gill openings above and behind the pectoral fin axils, and unique skeletal
features described by Regan (1912). The family occurs world-wide and is usually
collected offshore and from the bottom at moderate to considerable depths.

Systematics in the group needs revision {TWP); species cannot now be de-
limited with confidence. The following account uses the name Chaunax stig-
maeus Fowler (1946) from a specimen at 146 meters depth off the coast of New
Jersey, which might be a synonym of the older C. nu#tingi Garman (1896} from a
depth of 290 meters near Sand Kev, Florida. Besides the type specimen two
earlier specimens discussed by Nichols and Firth (1936} from 100 to 110 meters
in Virginia waters are included. The three specimens share the following: 13 or
14 pectoral fin rays, 11 or 12 soft dorsal fin rays, at least eight caudal rays, and
an esca which is black anterodorsally, white posterodorsally, broad, and reaches
the posterior edge of the niche behind it when depressed. The esca of C. nuttingi
was described and figured as bilobed, and the type had at least one more soft
dorsal ray. The illicial rod of C. stigmaeus is hinged behind the anterior edge of
the niche into which it folds, while that of C. pictus Lowe, the commeon species
in deeper water, was figured by Fowler (1946) as hinged at the anterior end of
the niche. Pectoral fin ray counts of 1] characterize C. pictus (Goode and Bean,
1895} and all the specimens examined by Longley and Hildebrand (1941); pec-
toral counts as low as nine were observed in additional specimens examined
while preparing this account.
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Chaunax stigmaeus Fowler, Broadhanded gaper

ADULTS

D. 1-11%-12;* A, 5% (8 or 7 if minute anterior rays pres-
ent, GED}-7:* C. 8'-11 (from drawing);* P, 13-14;
V. 4; 1# vertebrae 19; * gills 2 1/2.*

Proportions as percent standard length: Head 57 *62;
eye 8.47-0.1;% snout 9.8-12.8; interorbital 13.1:-164;®
maxillary 17.9-19.4" (N=1 2°).

Trunk somewhat compressed posteriorly, depressed an-
teriorly; head broad, depressed; snout short, broad, trun-
cate; 2 mouth wide, almost vertical; * maxillary widened
and rounded at its outer end; jaw teeth small, slender,
in villiform bands * of about 4 irregular series, many of
inner or larger ones more or less depressible; 4 continu-
ous villiform bands of tceth on palate; ® pharyngeals also
dentigerous; no gills on first gill arch or dorsal half of
fourth; branchiostegals lacking; gill opening small,? its
length about half of eye diameter,® located behind origin
of soft dorsal fin and well dorsal to pectoral fin base.**

Skin over eyes scaleless but continuous with skin of
head; * body and head skin loose, soft, forming folds,
especially loose on lower surface of body; scales in the
form of minute spinules, giving a velvety texture to the
skin; canals of the lateralis system prominent® First
dorsal spine modified into an illicium bearing a fleshy,
expanded esca with a fringed margin which folds bacl:-
ward into a pit or niche behind it, hinge of illicinm
located behind anterior margin of pit {in contrast to C.
pictus) about one-fourth of distance from anterior to
posterior margin of the pit; ® four additional dorsal spines
hidden beneath lnose skin of head in a related form ¢ and
probably in this one (GED), the first two long, the other
two vestigial * (none of these included in external counts,
GED); soft dorsal origin near midpoint of SL; caudal fin
rounded; anal fin small; pelvie fins almost vestigial, re-
tracted into pits in the skin; pectoral fins short, broad
and rounded.?

Pigmentation: Esca gray-black anterodorsally and bril-

Fig. 204. Cheunax
(A-B, Fowler, H. W., 1546: figs. 2, 1.}

, Broadhanded gaper. A. Adult, 200 mm TL, lateral view. B. Lateral view of same.



liant white posteroventrally,™* illicial stalk rose with two
darker rings; * when fresh in alcohol upper surfaces dull
olivaceous brown with numerous small dark olive mark-
ings, these extending on dorsal, caudal and pectoral fin
rays; fin membranes and sides with various shades of
red; lower surface brighter red to orange, four rose red
blotches along lower side of head; an indistinet trans-
verse rose red bar on under side of ecach pectoral fin;
anal fin red; iris deep rose red.*

DISTRIBUTION AND ECOLOGY

Range: Uncertain unti specific status established, the
three specimens described from one occurrence 129 km
southeast of Atlantic City, New Jersey ® and two an
unspecified distance southeast by south from Chesapeake
lightship in Virginia waters; ' C. nuttingi Garman from
the Bahamas similar in pectoral fin ray counts, but differ-
ing in details of the illicium; specimens examined by
Longley and Hildebrand from the Florida Keys north-
ward to Rhode Island, considered by Hildebrand * to be
indistinguishable from C. nuttingi and from C. pictus,
but having only 11 pectoral fin rays.

Area distribution:
throughout (GED).

Habitat and movements: Adults or juveniles—unknown
except for depth of three specimens described, 146 m*
and 100-110 m'® (presumably trawled from bottom,
GED); adults of this family scem to live close to the
bottom * in waters normally 238-783 m deep.’

Uncertain (see Range), possibly

Larvae and prejuveniles—young of this family often
caught bathypelagically,” no other information.

SPAWNING

No direct information, ovaries scrolled as in antennariids,
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suggesting  production of epipelagic rafts, although
neither egas nor rafts have been reported.”

EGGS

No information.

EGG DEVELOPMENT

No information.

LARVAE

No information.

JUVENILES

No information.

GROWTH, AGE AND SIZE AT MATURITY

No infoermation.

LITERATURE CITED

Nichols, j. T, and F. E. Firth, 1936:4-5.

Garman, ., 1896:86, 57, pl. 3.

Jordan, D. 5., and B. W. Evermann, 1896-1900:2726-
2727.

Regan, C. T., 1912:252-284.

Longley, W. H., and §. F. Hildebrand, 1941:309-~310.

Mead, G. W, et al., 19684:587.

Goode, G. B., and T. H. Bean, 1895:487—488.

Fowler, H. W., 1946:1-3.

B3 ho =

el IS o



Blank page retained for pagination




Ogcocephalus vespertilio

batfishes
Ogcocephalidae



Blank page retained for pagination




FAMILY OGCOCEPHALIDAE

At the time of this writing, the family Ogcocephalidae contains about 50
valid named species and at Jeast nine undescribed species distributed among nine
genera {Bradbury, 1967; Bohlke and Chaplin, 1968). Distribution of the family
is world-widc in tropical and temperate latitudes, aithough the eastern Atlantic
has only one species and over half the species are Indo-Pacific. The western At-
lantic has about 14 species, including several undescribed ones, which may in-
clude some or all of the specimens described below as Ogcocephalus vespertilio
{Linnaeus). Systematic difficulties with the forms covered by the common name
Iongnose batfish were indicated by Longley and Hildebrand (1941).

Unlike frogfishes of the family Antennariidae and the other families of the
order, batfishes have the spinous dorsal fin represented by only a single spine, the
first. Like most other members of the order Lophiiformes, the first spine is
modified into a moveable lure wsed to attract prey within striling distance. In
batfishes the Iure (illicium) can be retracted into a tube or channel located be-
neath an overhanging bony rostral shelf and enclosed at the sides by projections
of the frontal bones. Retraction is accomplished by sliding of the ptervgiophore
on which the illicial bone (the modified spine) is supported. The fleshy lobe
(esca), which is carried at the tip of the illicial rod (bone) in other pediculate
families and actually serves as the “bait,” almost completely envelops the illicial
bone in this family. Details of the structure and the terms used here to describe
it were given by Bradbury (1967) and illustrations of its deployment in fishing
for prey can be found in Breder (1949).

Other characteristics of the family include well developed scales in all spe-
cies, pelvic fins present in all species although reduced in some, gill rakers pres-
ent in all species, no species have gills on the first arch, and most species are
depressed and flattened ventrally (Bradbury, 1967).
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Ogcocephalus vespertilo (Linnaeus), Longnose batfish

ADULTS

D_ 4; A. 4; 2,3,4,7.8.9 C g; w P 11 '.:.7.9_12; K] V_ 5; #.110 verte-
brae 19; * gills 2 1/2; '** branchiostegals 5; ** no pseudo-
branchiae; ¢ pectoral fin radials 2.%

Proportions as percent SL: Head 42.045.0; eye 5.8-9.0;
rostrum 11-15 (N =5} 7 snout 14." As percent SL with-
out rostral process: head 47.6 "-50; ® greatest depth 22; *°
eye 8.0 °-8.8; ® interorbital 6.0-7.4; * rostral process 21.7;
(N=2F51%),

Body ovate, depressed anteriorly; * disc triangular,’ ie.,
pectoral fins attached to shoulder-like lateral expan-
sions; * caudal trunk relatively small and slender,* taper-
ing posteriorly; * head depressed, but cranium well
elevated above the general surface of disc; a pointed
rostral shelf,” or process;® rostral groove longer than
broad; ¥ iris of eve specialized with lobes, termed pupil-
lary opercula, giving the pupil an irregular shape;’
mouth small,™* horizontal; ¢ jaws downwardly protractile;

maxillary extending behind pupil of eye.* Jaw teeth in
villiform bands; bands of teeth also present on tongue,
palatines and vomer,™* gill rakers in the form of oval
plates covered with small teeth, present on all four
arches; * gill opening very small>* about diameter of
pupil, located posterodorsal to axil of pectoral fin?
Scales modified into bucklers, multi-spined structures
with spines and protuberances arranged in a radiating
pattern. Lateral line complete, extending in an unbroken
series from postorbital region back over the disc, curving
downward behind gill opening and following flank pos-
teriorly out onto caudal fin. Pedicels of pectoral fins
arm-like, well separated from the body wall; * pelvic fins
long, directed horizontally outward and backward, ex-
tending beyond origin of soft dorsal fin; * first dorsal
spine reduced to a small bone termed the illicial bone
(a term applicable to this spine in all members of the
order Lophiiformes}, enclosed in ogcocephalids within
three ﬂesﬁy lobes of a lure, termed the esca, which can
be protruded or withdrawn into an illicial tube or cavity

L.ength unstated

Fig. 205. Ogcocephalus v

ilic, Lon
tral view of same individual. (4, B, Jo

ose batfish. A. Putative adult, length unstated, dorsal view. B. Ven-
, D. 8., and B. W. Evermann, 1896-1900: pl. 192, figs. 958, 958b.)



by sliding of the supporting pterygiophore; pterygiophore
with a detached bridge element anteriorly; illicial tube
scaleless, recessed under the overhanging rostral shelf,
shielded laterally by modified processes of the frontal
bones; other dorsal spines absent; * soft dorsal fin origi
nearer to gill openings than to base of caudal fin; + anal
fin very small, its origin well behind that of the soft
dorsal fin; "¢ edge of caudal fin even, slightly convex.'
Lacking an air bladder.** Third through sixth vertebrae
elongate.

Pigmentation: In life hazel above; tips of larger spines
along back before dorsal rosy, the many lesser spines
everywhere gray-tipped; a fine pattern of spots in radiat-
ing series about gill openings; iris with fine lines radially
arranged at pupillary border forming a peripheral net-
work; pectoral and caudal fins buff-yellow over basal
half, passing through maroon-purple to prune-purple at
tips, the contrast between the yellow basal two-thirds
and the darker outer third being sharper on under side
of pectorals; belly, maxillary membranes and buccal
cavity coppery red; * also described as grayish brown 241°
or dusky gray' above; with black spots; ¢ pale red-
dish #71% or coppery * below; dorsal fin plain; anal fin
with dusky margin; caudal and pectoral fins white with
a broad black margin; pelvic fins white.* In preservation
dark brown above with pale spines making the surface
appear pale-spotted and dotted; pectoral and caudal fins
dusky in a specimen 81 mm (SL?} black in a specimen
126 mm (SL?).*

Maximum size: To 305 mm TL.41¢

DISTRIBUTION AND ECOLOGY

Range: New York® or Cape Cod® to Texas,>*® Vene-
zuela * and possibly same species to Brazil (type locality
of nominal vespertilio); * recorded from the Bahamas.'s
Area distribution: Rare in the southern part of Chesa-
peake Bay.?
Habitat and movements: Adults and juveniles—mud and
sand bottoms in the marine environment at depths of
20°% to 181 m.>
Larvae and prejuveniles—no published information;
resumed to be epipelagic (GED) as unspecified mem-
Eers of the family are reported to be,"* and as a single
specimen 17.5 mm TL of Ogcocephalus sp. has been
taken with plankton nets.'®

SPAWNING

No direct information; ** ovaries scrolled, probable that
an egg raft is produced.’
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EGGS

No information.

EGG DEVELOPMENT

No information.

LARVAE

No information.

JUVENILES

No information.

GROWTH

No information.

AGE AND SIZE AT MATURITY

A female 253 mm TL appearcd to be of adult size, al-
though ovary lacked ripe or resorbing ova; acellular
material in ovarian Jumen might have represented mu-
coid remnants from a spawning.™
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INDEX TO COMMON AND SCIENTIFIC NAMES

albescens, Remoring ... ... .. 2839
Aluterus

MONGCEres . ... ... .. ... 258

schoepfi ... ... ... 258
americanus, Lophivs ... .. . 358
amevicanus, Pseudoplenronectes . 196
Antepnariidae ... .. .. ...... 369
aquosus, Scophthalmus ... 184
arctifrons, Citharichthys ... 184
Athervinidae ... ... ..... .. 89
Atlantic halibut .. .. .. .. . 185
Atlantic midshipman ... .. . . 352
Atlantic silverside .. ... . .. .. 105
Atlantic threadfin ... ... . ... 118
atlanticus, Tetragonurus . ... 87
australis, Remora . . .. .. .. 232
Balistes

capriscus ... ... ... ... 260

vetule .. ... ... ... ... .. .. 2683
Balistidae .. ..... . ... . ... ... 255
bandtail puffer .~ . ... 268
barbu ... .. .. ... ... ... 120
bartacuda, great . .. ... ... . 44
barracuda, Sphyraena . 44
barracudas .. ... ... ... .. . .. 43
barrelfish .. ... ... .. .. ... .. 30
barrelfishes ... .. ... .. .. ... 29
batfish, longnese ... .. ... ... an4
batfishes ..., 393
Batrachoididae . . .. ... . ... 341
bay whiff ... ... ... .. . 139
berylling, Menidia .. ... .. 98
bigeye squaretail .......... .. 37
blackeheek tonguefish ... . .. 217
blunthead puffer .. .. ... . . 298
borealis, Sphyraena e 49
Bothidae o R 125
Bothus

oeellatus ... . ... . . ... 128

mobingi . ... ... ... .. 132
boxfishes . ............. ... .. 273
broadhanded gaper .. ... ..., 388
burrfish, striped ...... ... .. .. 306
butterBish .................. . 20
butterfishes .. ... ... . ... . 15
capriscus, Balistes 260
Centrolophidae ... ....... ... 29
cephalus, Mugil ... .. .. . .. 81
Channscidae . .......... . . .. 387
Chaunax stigmaeus ... .. ... . a8s8
checkered puffer ... ... .. .. 300
Chilomycterus schoepfi 306
Citharichthys

arctifrons .. ............. .. 134

spllopterus ... ... ... 138
civitatue, Symphuras ... . 214
clingfishes ... ... ... ... .. ... 243

cowfish
honeycomb ........... .. .. 274
scrawled ... .. ........ 278
crossotus, Etropus ... ..., 141
curema, Mugil o .. T8
Cynoglossidae .. 218
cynoglossus, C.'ypcocephalus o 178
deepwater flounder ... ... ..., 153
dentatus, Paralichthys .. ... .. 157
Diodon hystrix ... ........ . .. 308
Dhodontidae ... ... ... .. . . ... 805
diomedianus, Symphurus L. 215
dusky flounder 1689
Echeneididae .. ... ... . .. .. 295
Echeneis
naucrates .. 2206
neucratoides . ... ... . 231
Etropus
crossolus ... 141
microsioraus .. .. ... ... .. .. 143
eved flounder .. ... ., 126
fertuginea, Limanda ... . . 198
filefish
orange . ... ... ........... 258
planchead .. ... . ... . 286
wnicom ... .. .. ... . ... .. 238
Blefishes ... . ... ... .. ... ... 255
founder
deepwater .. ... ... .. . ... 153
dusky . ............. ... . 169
eyved . .. 126
fourspot ... 148
fringed ... . .. ... ..., 141
Gulf Stream ... .. ... . 134
smallmouth ... ... ... .. .. 143
spottail ... L 132
sumer 157
winter .. ... ... .. ... .. 198
witch . ... .. ... AU 178
yellowtail . ... ... ... .. ... 192
flounders
lefteye ... ... .. . ... .. 125
righteye ... ... . ... . ... 177
fourspot flounder .. ... . ... ... 148
fringed flounder ... ... ... 141
frogfish, splithere ... .. ... .. ... 380
frogfishes ... ... . .. . .. ... 369
gaper, broadhanded .... . ..... 388
gapers . ... 387
Glyptocephalus cynogfossus 178
gobiesoctdae ... ..., ... ... 243
Gobiesox strumosus . ... ... .. 244
goosefishes .. ... ... . .. . 857
gray triggerfish .. . ......... ... 260

great barracuda ... ... ... 44
guachancho, Sphyraena ... ... 54
guaguanche . ... ... . .. .. . .. . b4
Culf Stream Bounder ... .. 134
halibut, Atlantic .......... .. 185
harvestfish .. ... .. .. ... ... .. .18
Hippoglossina oblonga ... ... 148
Hippoglossus  hippoglossus . 185
hispidus, Stephanolepis .. ... .. . 266
Histrio histrio .. ... ... ... . 870
hogchoker .. .. ... .. ... .. . 204
honeycomb cowfish ... ..... . 274
Hyperoglyphe perciforma ... 30
hystrix, Diodon ... ... .. ... . 308
Lactophrys
polygonia ... ... ... ... .. .. . 274
quadricornis ... ... .. ... 276
trigonus ... ... ... ... 280
triqueter . ... ... ... .. . 282
lapvigatus, Lagocephalus . .. .. 288
Lagocephalus laevigatus .. . . 288
lanceolatus, Masturuz ... ... . 318
largescale tonguefish = . 216
lefteye flounders ... ... .. .. . 125
Limanda ferruginea .. .. ... .. o192
longnose batish ... ... . . 894
Laphiidae .................. . 357
Lophius americanus . .. ... . .. . 358
maculatus, Sphoercides ... ... 2850
mactulatus, Trinectes . . . 204
marlinsucker .. ... ... .. . 234
martinica, Membras . ... ... .. .92
Masturus lanceolatus . . . 518
Membraz martinica ... ... .. 92
Menidia
berylling .. ... ........ . ... 88
menidia ... ... ... . ... . 108
microstomus, Etvopus ... ... 143
midshipman, Atlantic ... ..... 352
minor, Symphurus o . 218
Moleamolga .. ..... . ... .... 329
molas .. ... ... .. .. ... ... . 813
Molidae ..... ... ..... ... .. 313
monoceros, Aluterus . ... ... 258
Monolene sessilicauds .. ... ... 153
Mugil
cgphalus ............. 81
CULEME .. . . T8
Mugilidae ..... ... . ..., 59
mullet
striped . e . 8l
whxte ki :]
mullets ... ... ... ... . ... 89
naucrates, Echeneis .. ... ... .. 298
neycratoides, Echeneis ... . ... 231
northern puffer ... ... ... .. 200
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northern sennet .. ... ... ... ..
northern tonguefish ... ... . ...

oblonga, Hippoglossina . .. .. ..
ocean sunfish .. .. . . ..
ocellatus, Bothus .
octonemus, Polydactylus ... . ..
offshore tonguefish . ... .. ... ..
Ogcocephalidae .
Ogrocephalus vespertilio .. .. .
Opsanus tau .
orange filefish .. .. ... .. .. .
osteochir, Remora .
Ostraciidae .. .. ... .. ..
oyster toadfish

pachygaster, Sphoeroides . . .
popillosum, Syacium ... .
Paralichthys dentatus ... .. .
paru, Peprilus .
Peprilus
pat . ... ... .. .
trigoanthus S ..
perciforma, Hyperoglyphe .. .. .
Phwynelox scaber .. .
plagiusa, Symphurus ...
planehead filefish ... .. .. ..
plectrodon, Porichthys ... .. ..
Plewronectidae ... ... . .. ...
Polydactylus
octonemus
virginictis .
polygonie, Lactophrys .. .
Polynemidae ... ... .. ... ...
porcupinefish ... ... ... ...
porcupinefishes . ... .. ..
Porichthys plectrodon . . :
Pseudopleuronectes americanus .
puffer
bandtail ... ... ... ... .. ...
blunthead ... . ....... . ...
checkered e
northern .. ..... ... ... ... ..
smooth
puffers ... ... ... ...
pusillus, Symphurus ... ... ..

quadricomis, Lactophrys = .. .
queen triggerfish . ... ..

. 208

. 118

120
274
117

TEMOTAS . ... ...
Remorina albescens . S
righteye flounders ... ... . ..
robinsi, Bothus .. .. .. ... ...
rough silverside ... .. ... ... ..

sargassumfish ...
scaber, Phoynelox . ... ... ...
schoepfi, Aluterus .
schoepfi, Chilomiyjcterus
Scophthalmus aquosus . . .
scrawled cowfish .. ... .. ... .
sennet, northem . ... .. ... ...
sessilicauda, Monolene
sharksucker ........... .. ... .
sharksucker, whitefin ... .. ..
sharptail ocean sunfish ...
silverside

Atlantic

rough ... ... ... ... . ... .

ddewater ... .. . ..._.. . .
silversides ... .. .. ... .. ... .
skillethish . ... ... ... . ..... .
smallmouth flounder ... .. ..
smooth puffer .. ... ... ... ..
smooth tmmkfish .. ... .. .. . ..
Soleidae ............. .. ...,
soles ... ... ... ... ... ..
spengleri, Sphoeroides
Sphoeroides

spengleri . ...

testudineus .
Sphyraena

bagrracuda .. ... ... .. ... ..

borealis ... ... ..

guachancho .. ... . ... ...
Sphyraenidae .. ... ... ... . ..
spilopterus, Citharichthys
splitlure frogfish L
spottail Bounder .. ... ... L.
spottedfin tonguefish . .. . .
squaretail, bigeye
squaretails .. ... ... ... . .. _.
Stephanolepis hispidus ..
stigmaeus, Chaunax .. ... . ...
striped burdfish .. ... .. ...
striped mullet .. ... ... ... ..
Stromateidae .. ... ... . ... ..
strumosus, Gobiesox .. .. ... ..
suckerfish, white ............

summer flounder ... .. ......

. 2686

388
308

81

15
244
239
157

sunfish
ocean ... ... ...
sharptail ocean ... ... ... ..
Syacium papillosum ...
Symphurus
civitatus
diomedianus ...
minor ... L
plagivsa ... ... ...
pusillus

tau, Opsanus .. ... . ... ... ...
testudineus, Sphoeroides .. .. ..
Tetragonuridae . ...... .... ..
Tetragonurus atlanticus
Tetrandentidae ... ......... ..
threadfin, Atlantic . ....... .. ..
threadfins ... ... ... .. ... . ...
tidewater silverside ..........
toadfish, oyster ..... ... ... ..
toadfishes ... ... .. ... ... ...
tonguefish
blackcheek . ... . ... ...,
largescale ... ... ....... ...
northern
oifshore o
spottedfin .. ... ... .
tonguefishes .. ... ... ... ...
triscanthus, Peprilus .. ... . ...
triggerfish
gray ..
queen .. ...
triggerfishes ... ... ... .. ..
trigonus, Lactophrys B
Trinectes macwlatus . ... . ..
triqueter, Lactophrys ... ..
trunkfish ... . ...... ... .. . ...
trunkfish, smooth ...... ... ..

unicorn flefish . ....... .. .. ..

vespertitio, Ogcocephalus
vetula, Balistes . ... .. . .. ... ..
virginicus, Polydactylus . .

whalesucker ... .. .. ... ... .
whiff, bay ... ... ... ..
white mullet ... ... .. ..
white snckerfish .. ... ... ... .
whitefin sharksucker .. . . ... ..
windowpane ................
winter founder . ... ... .. ... .
witchy flounder . ... .. ..., ... .

yellowtail Bounder . ... ... ... .

VLS SOVENNUENT PRERTING SFFICK: Wi

329
318
189

214

256

304



